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PREFACE 


On  July  2,  1968,  the  Naval  Research  Laboratory  completed  45  years 
of  service  to  the  Navy.  These  years  have  seen  the  Laboratory  grow 
from  an  initial  group  of  90  individuals  working  in  radio  and  under¬ 
water  sound  to  a  current  staff  of  3,500  scientific  an^  support  personnel 
engaged  in  a  broad  spectrum  of  research  and  development  in  the 
phy.sical  and  mathematical  sciences. 

The  continuing  policy  which  has  supported  a  substantial  program 
of  research  in  the  fundamental  sciences,  in  parallel  widi  a  program 
of  direct  mission-related  applications,  has  produced  a  distinguished 
record  of  contributions  to  national  defense  and  scientific  knowledge. 
The  c  .iitinued  success  of  this  policy  quite  obviously  depends  upon  the 
excellence  of  the  Laboratory's  professional  staff  and  their  supporting 
services  and  facilities.  Essentio!  also,  given  finite  resources  and  an 
environment  of  rapidly  expanding  science  and  related  naval  implica¬ 
tions,  is  the  balance  and  selectivity  of  the  research  program.  The  body 
of  this  report  des'-ribes  the  unclassified  portion  of  that  program.  The 
introductions  to  the  program  descriptions  provide  an  overview  of  cur¬ 
rent  program  emphasii  and  direction. 

This  document  has  been  prepared  to  report  the  activity  and  achieve- 
mertts  of  the  past  year,  i  t  .?lieve  it  also  reflects  the  quality  and  signifi¬ 
cance  of  the  work  accomplished.  It  is  hoped  that  it  will  prove  both  in¬ 
formative  and  useful  to  all  who  sponsor,  or  share  an  interest  in,  work 
at  the  Naval  Research  Laboratory. 

James  C.  Matheson,  CAPT..  USN 

Director 

Naval  Research  Laboratory 
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THE  NAVAL  RESEARCH  LABORATORY 


The  Naval  Research  Laboratory  is  a  field  activity  of  the  Office  of 
Naval  Research  (ONR).  reporting  to  the  Chief  of  Naval  Research,  who 
is  directly  responsible  to  the  Assistant  Secretary  of  the  Navy  for 
Research  and  Developmcia. 

NRL  was  founded  in  1923  to  ensure  that  advancements  in  science 
and  engineering  could  be  readily  applied  to  the  Navy’s  needs.  Towards 
that  end,  the  NRL  research  program  has  developed  into  a  comprehen 
sive  and  coordinated  effort  in  the  phys'  -al,  mathematical,  and  environ¬ 
mental  sciences.  An  extensive  basic  research  program  is  closely  coupled 
io  a  broad  effort  in  applied  research  and  development  devoted  to  both 
immediate  and  long-range  technical  problems  of  interest  to  the  Navy. 
Where  uniquely  qualified,  the  Laboratory  also  provides  consultative 
services  and  conducts  .■•esearch  and  development  for  other  elements 
of  the  Defense  IX'partment  and  agencies  of  the  Government. 

Current  sponsors  of  the  research  program  include  ONR;  the  Naval 
Systems  Commands:  the  Advanced  Rcsciirch  Project*^  Agency;  the 
Defense  Atomic  Support  Agency,  the  Atomic  Knergy  Commission; 
the  National  Aeronair  s  and  Space  Administration:  and  various 
elements  of  the  .Army  and  ,Air  Lorce.  The  funding  level  of  sponsored 
reseaich  at  NRL  during  fiscal  year  1969  was  approximately  97  million 
dollars. 

There  arc  three  major  organizational  units  of  the  Laboratory:  the 
Office  of  the  Director,  the  Research  DepaHment.  and  the  Support 
Services  Depart.ment. 

Within  the  Office  of  the  Director  are  the  Military  Staff  Office,  the 
Office  of  the  Comptroller,  and  the  Civilian  Personnel  Office. 


NRI.'s  Cyclotron  building 
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The  Research  Department,  headed  by  a  civilian  scientist  as  Director 
of  Research,  is  organized  into  four  areas:  electronics,  mcterials,  general 
sciences,  and  oceanology.  Each  area  is  headed  by  an  Associate  Director 
of  Research  who  administers  the  work  conducted  by  the  scientific  divi¬ 
sions  and  the  special  research  groups  within  that  area. 

Each  of  the  m^or  scientific  divisions  consists  of  approxir-  lely 
100  scientific,  technical,  and  administrative  personnel,  headed  by  a 
Division  Superintendent.  The  smaller  organizational  units  (average  of 
10  persons),  shown  in  the  table,  have  special  functions  which  are 
indicated  by  their  titles  or  discussed  in  more  detail  elsewhere  in  this 
volume.  There  are  three  special  organizations,  each  headed  by  a  Chief 
Scientist  who  occupies  a  corresponding  honorary  “Chair  of  Science." 


Organizational  Units  of  the  Research  Department 


Area 

Major  Scientific  Divisions 

Other  Research  Groups 

Electronics 

Applications  Research 

Electronics 

Radar 

Communications  Sciences 

Electronic  Warfare 

Materials 

1 

Chemistry 

Metallurgy 

Solid  J'tate 

‘l.aboratory  for  the 

Structure  of  Matter 

•l  aboratory  for  Chemical 
Physics 

Central  Materials 

Research  Staff 

Shock  &  Vibration 
Information  Center 

Combustion  Suppression 
Rescrirch  Center 

Cicneral  Sciences 

Space  Science 

Nuciciu  Hhysics 

i'lasMia  Physics 

Mathematic";  and  Inforroation 
Sciences 

•l  aboratory  for  Cosmic  Ray 
Physics 

Health  Physics  St.iff 

-SOI  RAD  Project 

Oceanology 

Acoustics 

Underwater  Sound  Reference 

Ocean  Sciences 

Ocea.,  Technology 

Ship  F;icility  (iroup 

Non  Acoustic  .ASW 
(RAD)  Task  Group 

*Sp€v:ut  ^w^ni/{ilu>fi 

headed  b>  a  Chief  Scienlisi  wht. 

iKCup4CA  a  v'orrc'pi'fHlinp  ‘  (  h^ir 

2  Ilf  Science  " 
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Backing  up  the  research  program^  .1  all  of  the  areas  mentioned  above 
is  the  Support  Services  Department,  whose  many  capabilities  include 
mechanical,  electronic,  and  project  engineering  staffs;  technical  drafting; 
numerous  shops  (machine,  sheet  metal  and  w.-'i.ding,  plastics,  foundry, 
pattern,  plating,  printed  circuit,  electronic  assembly,  microelectronic, 
and  electronic  model);  the  supply  of  all  needed  materials;  editorial, 
printing,  exhibit,  and  graphic-display  services;  patent  counseling; 
and  one  of  the  Nation's  finest  technical  libraries.  The  responsibilities 
for  these  supporting  services  fall  within  the  purview  of  five  major  divi¬ 
sions  (Supply,  Technical  Information,  Engineering  Services,  Public 
Works,  and  Chesapeake  Bay)  and  three  staff  offices  (Management  En¬ 
gineer,  Patent  Counsel,  and  Medical  Staff). 


Openilions  and  Technical 
Services  buildinj. 


New  laboratory  building  oc¬ 
cupied  by  the  Space  Science 
Division 
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la  ntfiboa.  NRL  his  a  Traasdncer  CaiAmiioa  Facduy  H  Seneca 
Ltfce.  Nev  Yoffc:  a  Vahae  Corros'sn  Labmtory  at  Key  West.  Flonda: 
an  L'ademier  TiackinK  FacSiy  at  Aipa  Isbao  (near  Bennoda);  and 
a  iarye  gondob  ngpenicd  beneath  dae  Chesapeake  Bay  Bridge.  Ma>y- 
bnd.  for  stndks  oC  the  ari-vater  imertkce. 

For  inresrigatwcis  rctjairiag  mobdc  research  bdities.  NRL  has 
fc«c  ikplif  I  eriwpped  vnh  soentific  kisiruinenis  especially  usehil 
m  the  aondnct  oC  statics  in  the  coaaanicatioas  sciences,  oceanology, 
and  ai  tdt  of  Uk  space  sciesce«  For  sonilar  req»rifemcntv.  NRL  has 
lav  occanofraptic  research  six  '  .sficar  and  GihStsi  and  access 
to  several  other  types  ot  naval  san>.jc  <hips  and  sobmarines. 

The  Lafeoraicry  iacnaied  is  :9b;  a  •oog-range  budding  program  to 
pcoside  facSixs  adcqoaie  to  rerjoimncats  for  research  in  the  decades 
ahead.  The  aegarsanoa  ci  adaccai  land  has  more  ;han  doubled  the  orig- 
;eat  acrea^  d  LaKiraaory  froantss;  obsolescent  buddings  constructed 
hastdy  darjag  World  War  II  have  been  demolisSed  to  make  room  for 
am  ones:  tmo  am  general  pnrposf  laboratories  have  l«en  budt  and 
occxpvsd  bv  the  EJectruracs  and  Space  Sdaxii  Dh-isioat;  a  major 
narkar  physacs  research  faedky  tcydotioo  has  been  coiapleted 
and  peaced  opcraiioe:  aa  opciatmis  and  lechsical  services  budding 
has  been  ceestcacxd  aad  ocenpoed  by  the  Public  Works  and  Trchracal 
ladormaciua  Fhvisaons  aad  the  Oftce  of  the  Comptrole:;  and  the  cot>- 
stxactoa  of  a  rem  chcsssiry  baddatg.  scheduled  for  cccupancy  in  the 
sianvarr  of  iinCL  mas  aattated  Acs  year.  The  moderoitalioa  plans  for 
iMare  years  ca*  for  the  oonstractiott  of  addiiional  general  purpose 
bISoraAoncs.  an  amaesac  and  occanograplwc  research  center,  a  ceu 
adwBTityyaoa  Naddaqg.  and  a  erstni  Bvarv. 
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In  the  \‘iew  of  the  management  and  personnel  ofNRL,  our  mission  is 
to  operate  an  outstanding  research  center  devoted  to  ftood  science 
and  its  application  to  the  special  interests  and  needs  of  the  community 
that  supports  the  Laboratory.  Good  science  is  easily  evaluated  in  the 
ci^.nte.rt  of  the  larger  professional  world  within  which  our  staff functions. 
We  judge  ourselves  by  all  of  the  attainments  of  our  research  —  our 
publications,  the  invitations  m'<’  receive  to  present  papers,  our  member¬ 
ships  on  committees  of  national  professional  sM'ieties.  the  consulting 
.services  we  provide,  the  hooks  published  under  our  by-line,  the  col- 
loquia  nr  are  invited  to  attend,  and  so  forth.  We  believe  the  material 
contained  herein  constitutes  strong  evidence  that  the  Laboratory  has 
satisfied  iiJ  obligation  to  practice  good  science. 

We  accommodate  the  needs  of  our  sponsors  by  performing  research 
and  initiating  its  translation  into  advanced  prototype  equipment  for 
use  by  the  Fleet  and  other  Sendee  units.  Our  success  in  these  endeavors 
must  he  judged  by  the  degree  to  which  we  satisfy  such  needs.  Since  much 
of  our  applied  work  is  of  a  classified  nature,  its  scope  and  import  are 
not  reflected  in  this  review.  However,  itr  feel  that  the  Laboratory's 
continued  growth  and  assumption  of  new  responsibilities  are  reliable 
measures  of  our  success  in  these  areas. 

Above  and  beyond  the  formal  responsibilities  given  n  our  mission 
statement,  we  feel  that  H-f  have  an  overriding  responsibility  to  be  good 
citizens  in  the  Navy  and  Department  of  Defense  community.  The  degree 
to  which  NKL  scientists  and  engineers  partake  in  f«  .finical  dialogs  with 
their  sponsors  is  not  reflected  i-t  this  document.  I  'onetheless,  we  be¬ 
lieve  that  our  technical  interactions  with  various  Navy  organizations 
constitute  one  of  our  most  important  contributions. 

Finally,  we  believe  that  in  times  of  stress  or  crisis  we  must  be  available 
to  help  in  any  way  that  is  nece.ssary.  While  *»■<>  are  justly  proud  of  the 
many  NRL  stuff  members  .vho  worked  round  the  clock  seven  days  a 
week  during  the  successful  search  for  the  Scorpion,  are  also  very 
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proud  of  our  many  staff  members  who  worked  equally  hard  on  a  larfte 
variety  of  projects  that  are  not  as  well  publicized. 

Be.sides  beiitf;  a  year  of  ^reat  accomplishment.  1968  was  a  year  that 
witnessed  many  chattfies  at  the  Naval  Research  Laboratory.  During 
the  year,  the  Laboratory  undertook  many  important  new  and  expanded 
programs.  /Imonn  them  was  a  major  expansion  of  our  program  in  under- 
.sea  acoustics  which  involved  the  assumption  of  the  responsibilities 
formerly  held  by  Hudson  Laboratories  of  Columbia  University.  We 
were  asked  by  the  Director  of  Navy  Laboratories  to  become  a  lead 
laboratory  in  the  field  of  electronic  warfare.  Various  ktr^e  proftrams 
were  either  expanded  or  initiated  under  the  sponsorship  of  the  Ad¬ 
vanced  Research  Projects  .^ftency  and  the  Defense  Atomic  Support 
Ayency. 

To  facilitate  the  concentrutioi,  of  our  efforts  on  areas  of  heif’htened 
interest,  the  Laboratory  underwent  a  number  of  internal  reorfianizations 
and  realifznments  of  personnel.  In  'iddiiion,  the  technical  ca  iher  of 
our  staff  has  been  upgraded  siiznificantly .  We  were  fortunate  ir  haviny 
been  able  to  recruit  many  competent  senior  scientists.  As  a  result. 
enter  the  year  1969  a  stronger  organization  that  is  better  able  to  satisfy 
the  needs  of  our  spon.M  rs.  These  developments  bode  well  for  a  i>ro- 
ductive  and  interestinn  future. 

As  explained  above,  the  expositions  presented  here  account  for  only 
a  portion  of  the  Re.search  Department's  400  or  more  projects.  Our 
reports  are  arran.ycd  according  to  the  organizational  loiiis  I  areas 
and  divisions)  in  which  the  work  was  performed. 


Alan  Berman 

the  Mi'ar  Director  of  Research 

Naval  Research  I  aboratory 
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ELECTRONICS  AREA 

Laser  Radar.  Very  large  doppler  (frequency)  shifts 
will  be  encountered  when  lasers  are  used  to  identify 
fast-moving  objects  such  as  supersonic  aircraft  or 
orbiting  satellites.  Because  intermediate-frequency 
amplifiers  will  be  used  to  process  these  doppler- 
shifled  target  signals,  a  means  must  be  devised  for 
frequency  shifting  the  laser  so  that  the  difference 
between  its  new  shifted  frequency  and  the  dopplcr- 
shifted  frequency  of  the  return  signal  can  be  bandied 
by  the  amplifier.  NRL  has  demonstrated  that  bire- 
fringent  optical  materials  placed  in  a  rapidly  rotating 
magnetic  field  may  achieve  the  frequency  shifting  of 
the  laser. 

Radar  Sea  Clutter.  A  better  basic  understanding  of 
wind-generated  sea-surface  waves  is  necessary  if 
the  radar-system  designer  is  to  improve  radar  per¬ 
formance  in  this  area.  NRL  scientists  have  developed 
a  mathematical  model  describing  the  scattering  of 
radar  signals  by  the  sea’s  surface.  This  model  gives 
results  which  are  in  good  agreement  with  data  ob¬ 
tained  by  aircraft  and  ships. 

Solrad.  In  an  effort  carried  out  cooperatively  with 
the  general  sciences  area  of  the  Laboratory,  the  elec¬ 
tronics  area  has  been  conducting  design,  test,  launch, 
and  monitoring  activities  with  regard  to  the  Solrad 
series  of  satellites.  The  combined  effort  comes  under 
the  direction  of  the  Solrad  project  team.  For  specific 
accomplishments  in  1968,  see  the  general  sciences 
area  highlight  entitled  “Solar  Monitoring.” 

Ionospheric  Raytracing.  With  the  u.se  of  a  computer- 
assisted  program  developed  by  NRL,  the  ionospheric 
propagation  of  high-frequency  radar  waves  may  be 
depicted  by  means  of  ray  profiles.  In  particular, 
profiles  for  the  Earth-backscatter  echo  can  facilitate 
the  investigation  of  traveling  disturbances  and 
gravity-wave  effects  in  the  ionosphere. 

Artificial  Plasma  Clouds.  The  internal  motions  of 
violently  turbulent  regions  of  the  lower  ionosphere 
can  now  be  studied  in  detail  by  means  of  NRL’s 
sophisticated  coherent  pulse-doppler  research  radar. 
Statistical  descriptions  of  the  duration,  relative 
velocities,  and  amplitudes  of  these  turbulent  regions 
are  obtained  by  observing  the  evolution  of  cesium- 
and  barium  seeded  artificial  plasma  clouds  iiyected 
8  into  the  ionosphere  by  rocket-launched  projectiles 


Rocket  Exhau'.ts.  Rocket  exhausts  interfere  with 
electromagnetic  signals  relied  upon  to  detect,  track, 
or  guide  rockets.  As  a  result  of  NRL’s  studies  of  this 
problem  in  its  space,  altitude,  and  velocity  chamber, 
it  is  now  possible  to  predict,  and  thus  make  allowances 
for,  the  amplitude  and  phase  modulation  of  these 
signals  in  terms  of  rocket  altitude,  propellant  type, 
and  signal  frequency. 

Precision  Time  and  Frequency.  Since  1 967,  N  RL  has 
provided  frequency  monitoring  equipment  for  many 
of  the  Navy’s  ships.  Use  of  this  equipment  has  re¬ 
sulted  in  a  dramatic  improvement  in  adherence  to 
assigned  frequencies  and  thus  in  an  enhanced  re¬ 
liability  in  Fleet  communications.  During  the  past 
year,  for  example,  a  central  time  and  frequency 
system  was  developed  for  installation  aboard  the 
USS  Nimitz  (CVAN-68). 

Airborne  Antennas.  With  the  NRL-designed  Hart- 
lobe  antenna  system,  the  long-standing  problem  of 
blindspots  in  airborne  beacon  reception,  due  to 
shielding  of  the  antenna  by  the  airframe  itself,  has 
been  solved.  Flight  tests  have  demonstrated  that  a 
nearly  omnidirectional  signal-reception  capability 
is  obtained  at  various  rat  ges  and  for  various  airplane 
bank  angles.  Overall  system  performance  is  noway 
compromised  by  the  system. 

Omega  Aircraft  Receiver.  The  recent  8,000-mile 
transatlantic  flight  test  of  the  NRL-developed  Mark 
111  Omega  receiver  demonstrated  the  extreme  re¬ 
liability  and  accuracy  of  this  all-weather  system.  With 
a  computer  incorporated  in  the  system,  longitude 
and  latitude  readings  were  instantaneously  generated 
for  the  pilot.  In  very  adverse  weather,  when  all  other 
navigation  signals  were  obliterated.  Omega  signals 
continued  to  be  received  by  the  aircraft. 

MATERIALS  AREA 

Mass  Spectrometric  Studies  of  Cobait  Carbonyi 
Compounds.  A  mass  spectral  study  of  a  series  of 
cobalt-carbon  and  cobalt-phosphorus  compounds 
showed  that  the  energies  of  the  Co-C  and  Co-P 
covalent  bonds  are  essentially  identical  but  much 
stronger  tlir.n  that  of  the  Co-H  bond.  Also,  their  mass 
spectral  fragmentation  patterns  suggest  that  all  of 
the  trifluorophosphine  carbonyl  cobalt  hydrides 
have  a  distorted  trigona'  bipyramid  structure.  The 
foregoing  are  findings  which  have  both  fundamenUil 
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and  practical  applications  in  biological  systems 
and  in  the  catalytic  cracking  of  hydrocarbons. 

Fire-Retardant  Paint  System  for  Ship  Interiors. 

A  technique  has  been  developed  for  rendering  a  com¬ 
bustible  paint  nrc-retardant.  This  result  is  achieved 
by  use  of  a  thin  water-based  undercoat  containing 
materials  that  interact  undr.'  the  influence  of  heat 
to  produce  a  powerful  flame-e.xtinguishant.  The 
undercoat  can  be  used  effectively  in  combination 
with  any  type  of  decorator  topcoat,  but  it  w3s  devel¬ 
oped  especially  for  use  with  the  nontoxic  acrylic 
latex  paint,  also  an  NRL  product,  now  required  '  r 
submarine  interiors  and  other  enclosed  environments. 

Stress-Corrosion  Cracking  of  High-StFength  Steels. 
Metallurgists  at  NRL  have  developed  a  technique  by 
which  the  chemical  reaction  in  a  propagating  stress- 
corrosion  crack  can  be  frozen  at  any  point  in  its  oc¬ 
currence.  This  effect  is  achieved  by  immersing  the 
fracture  specimen  in  liquid  nitrogen.  When  the 
specimen  is  later  broken  open  for  examination  of 
the  stress-corrosion-crack  surface,  most  of  the  cor¬ 
rodent  to  be  analyzed  is  still  in  the  place  where  it 
occurred.  Data  obtained  thus  far  for  1 1  steels  repre- 
set.iing  a  wide  range  of  metal  compositions  have  cor¬ 
roborated  an  earlier  NRL  finding  th  *’  stress-corrosion 
cracking  in  these  materials  is  a  dual  process,  partly 
chemical  and  partly  mechanical. 

Interfacial  Energies  in  .Metals.  Metal  physicists 
at  NRL.  using  their  own  technique  of  h...t  gradient 
electron  microscopy,  have  been  able  to  observe 
directly  the  microstructural  details  of  metal-mel; 
interfaces  at  very  high  magnification  (over  KW.OOOXt. 
Investigations  of  the  surface  tension  balance,  estab¬ 
lished  at  a  point  where  a  grain  boundiu")  surface 
meets  the  solid-liquid  inteiface.  have  produced  the 
first  absolute  values  of  the  solid-liquid  interfacial 
energy  in  a  metal. 

Physical  Properties  of  Incipient  Ferromagnets.  .An 
intermediate  electroi.ic  state  is  that  of  "incipient 
ferromagnetism"  — a  strongly  paramagnetic  state  that 
exhibits  properties  somewhere  between  those  of 
superconductors  and  ferromagnets.  NRL  researchers 
have  observed  anomalous  physical  properties  that 
arise  from  tnie  many-body  effects  in  several  binary 
alloy  systems  which,  over  certain  ranges  of  com¬ 
position,  are  incipient  ferromagnets.  Certain  tem¬ 
perature  dependences  have  been  theoretically 
explained  and  related  to  the  strength  of  electron- 


electron  interaction.  .An  unusual  (ow-tcmpenaute 
heat  capacity,  a  condition  related  in  theory  to  en¬ 
hancement  of  the  effective  mass  of  electronic  quasi- 
particles.  also  has  been  observed  for  these  incipient 
ferronrjignets  W'hen  these  and  other  fundamental 
properties  are  fully  elucidaied.  tht;  potential  use  of 
incipient  ferromagnets  in  shipboard  dev-iccs  can  be 
enhanced  or  their  limitations  morr  clearly  defined. 

Corapensatioa  for  Tbennai  Distortiaa  is  Glass  Lasers. 

•A  simple,  inexp'nsive  met!iod  has  been  developed  to 
cancel  out  the  iherr.^-.l  distonion  produced  in  glass 
lavers  as  a  re-  alt  of  emptier  I  pumping.  It  is  based  on  the 
circulation  of  water  from  two  reservoirs  in*->  the 
laser  cavity.  Wiih  optimum  temperature  control  of 
the  water  and  precise  timing  in  firing  the  laser,  the 
thermal  gradient  caused  by  optical  pumping  can  be 
canceled  by  the  thermal  gradicr:  caused  by  the  cooling 
water.  The  methoc*  is  applicable  ti'  any  glass  or  crys¬ 
talline  laser  ..ystem  in  which  imjsrovc  ^  angular 
divergence  of  the  beam  is  desired. 

.Atmuspherk  Depolarualioa  of  Laser  LighL  Recent 
experiments  at  NRL  have  indicated  that  a  polarized 
laser  light  beam  will  not  be  appreciaNv  mod'.hted 
by  the  atmosphere.  The  measurements  were  made  it 
night  through  relatively  clear  air.  Those  maik  over  a 
6(X)-meter  path  g:ivc  negative  results,  and  it  was 
concluded  that  any  aimosphenc  depolarization  pres- 
e.a  affected  less  than  10  ‘of  the  light  signal. 

Littice  Vibrations  and  Infrared  Absorptioa  in  Nfixed 
Linear  Chains.  .Material  scientists  vtevised  a  method 
for  calculating  the  frequencies  and  amplitudes  of 
lattice  vibrations  of  disordered  crystal  systems  of  the 
type  .A.,Bi  .-C  and  the  infrared  absorption  associated 
with  them.  The  method  is  an  extension  of  one  devel¬ 
oped  here  eiulier  for  binary  chains.  It  applies  to  the 
analysis  of  recently  measured  spectra  of  mixed  cry  s¬ 
tals.  such  as  cadmium-ziiK  sulfide  am*  cadmium 
sulfidc-selenide. 

TfJrd-Order  Nonlinear  Reflection  Studies.  Third- 
harmonic  signals  of  a  Picodymium  laser  reflected  from 
a  liquid  medium  (hcxafli.oroacetone  scsquihydrau 
with  additions  of  I'uchsir  red  dye)  were  measured 
under  conditions  ol  phase  matching  and  varying 
degrees  of  phase  mismatching.  The  experimental 
results  were  found  to  be  in  good  qualitative  agree¬ 
ment  with  predictions  from  theory.  .A  theoretical 
estimate  of  the  phase  of  the  reflected  third-harmonic 
wave  for  various  angles  of  incidence  was  developed.  9 
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and  the  predicted  mtnlinejtf'  pha^e  diifts  max  nt** 
cixtifermed  cxpenmentalh . 

V:  Ccalm  ia  \bM  Haide  Cr^afe.  Elexrrt.n  pan- 
mapnet^c  rexonance  measurements  at  NRL  ha<e 
corr>dxx.'ateu  recent  cipti-ral  exidence  '.h.at  the  inte:- 
sat'jS  haSxi^en  atom  in  the  simplest  ixHiic  S4i!ids 
ie^^  alkaSi  halides)  tends  tv'  be  kvated  adjacent 
k'  a  substituikxnal  merits  x'lu  ITits  hndtng  has  led 
tv'  the  first  detaiieJ  descnr-tKxn  vif  the  structure  vxl 
the  impunty-assvKBted  defect  center  ;tfse  svx-caRed 
V:  center)  :r.  ^xtassium  <.hk>.tde  and  cv'itstiiutes 
vxne  further  step  :vxxx7<tj  the  ur)dersta<idinf  cd  radia- 
tk>n  -ianu^  ia  meue  cvimpiex.  and  impcie.  materials. 

A  MeltcniM'  Trap.  1  he  c's  stal  and  motecubr  str uc- 
tures  c>l  an  unusuaPx  larpe  ve^anic  cbtihratc.  first 
syntbesired  bx  Dxanin  in  haxe  beer  deternuned 
by  NRL  chemists  This  result  shv>vld  facilitate 
studies  txf  the  structure  and  prviperties  v«f  ■'ewest” 
tra'lecuJts  ihat  are  trapped  uithin  the  caje-Ske 
caxiiies  vxf  vSTcan^  eJathratev 

Aieefcwif  of  Aeti—of  Dry-Fan  Lnhoc— ts.  Surface 
chemists  haxe  dexekiped  a  ne»  ihcxxy  «hn:h  males 
it  pxxssibic  to  predict  the  coefikkat  c(  friction  for 
any  drx-hijn  lubtscant  v'n  anx  harder  supporuiq:  sur¬ 
face  The  xaiues  thus  far  are  in  cksse  apeettxni  »ith 
those  .'•■brained  prexioosfx  bx  tcx&ous  measurements 
fiir  a  ■Wide  xarktx  vsf  hibrsctnis.  Thus,  in  future 
studies  vd  candidate  materads  kv  v.'lx!  kibri.ants, 
one  time-consuir.irE  senes  v'f  m.a'so.'enients  max 
be  climiiBted- 

GENERAL  SCIENCES  ARE-\ 

CoufinoBcal  of  Cmbic  Rays.  Our  k3k'rance  of  the 
regions  in  space  where  cosnik  raxs  are  nv^nelkally 
trapped  and  of  the  duration  v'f  this  cv'nnnement  has 
l<en  partiallx  dispelled  bx  an  NRL  analxsis  of  tn- 
formation  on  the  Hghl"  cosmic  rax  elements  and 
by  Laboraloix  cakuialksns  v'f  cfTecis  of  i:.cir  nuclear 
fragmentation.  The  results  indi.'iie.  but  ds'  not  xci 
fittrJy  estabhsh.  cvsnfinen»cn'  mainly  •within  the  Miicy 
Way  disk. 

Soiar  .Mooitonag.  Solar  x-raxs  were  montUMed 
contiruousiy  during  1968  by  a  xarktx  v>f  NRL  in- 
strufrents  carried  by  CKfO  IV.  OGO  >,  OSO  l\. 
and  Soliad  IX.  Wiilnn  24  hours  after  the  eniissiv.ns 
were  recorded  aboard  Solrad  I X.  x-ray  lime  hisiorks 
10  were  compiletJ  for  scientific  inxesiigatkin  oiid  for 


the  prediction  of  radio  communication  disturbnnces. 
K'htr-indiiced  terrestrial  dislutbances.  and  space 
operation  haz^s.  ]he  recent  .Apollo  VUI  space- 
Ihght  benefited  dkectiy  from  Solrad-hased  p.rdktrons 
vxf  the  hkeKhoDJ  vxf  svsiar  flare  x-ray  hazards. 

Far  lafirared  .Astroaoiny.  Sexeral  point  svairccs  of 
uiw'pectedly  high  intensity  were  obserxed  b>  long- 
wavelengih  1 10- .^0  micron)  infrared  sensors  carried 
bx  an  NRL  rocket.  If  these  sources  are  normal 
galaxies,  many  of  them  radiaic  far  ntore  energx  in 
the  far  infrared  (thermal  regioni  than  they  do  in  the 
rest  vxf  the  spectrum.  These  results  haxe  m^r 
cvxsmtxiogical  inqiLca  ivxns. 

Extreme  CltneMlet  Spextr  ahUjogi  aitu  Spectro- 
helivxgrams  obtained  b^  NRL  rockel-bome  ir.stru- 
ments  have  rex-caied  svxiar  feat  ires  as  small  as  10 
secvxnds  of  arc.  The  spectral  resolution  was  so  gvx'd 
that  the  features  formed  by  Si  XI  i50.'.4.A)  atsd  He  II 
:.'0«.~$A)  rautaiion  cv>uld  be  distinguished  one  fa'm 
another,  making  it  possitle.  for  example,  kx  deter¬ 
mine  that  the  corveiaS  emission  alx'xe  the  limb  v'f  a 
specific  He  II  image  vrriginaicd  emireix  from  Si  XL 

Mmif  ttnl  of  Trace  .AimmhIs  ef  Carfean  end  Oxygen 
ca  Sarbeex.  .A  new  technique  has  been  dex  eloped 
at  NRL  lor  the  delennnaikm  of  trace  surface  con- 
tamiaanis  vxf  carbon  and  vxxygen.  and  it  has  been 
appSeO  to  gold  samples  whv/se  cleanliness  w  as  critical 
to  a  scries  v'f  chctnicai  experiments.  The  sensitixitx 
of  the  icckr.iquc  is  such  that  as  few  as  10”  atoms 
per  square  -rentiroeter  (ah out  10  •  atomic  ia>er>>  v'^ 
C  and  10"  atoms  per  square  centi.TJeier  'about  iO  - 
at.'mic  layers?  of  O  can  be  detectcvL 

Neutrea  Captarc.  .Acc  xrding  to  the  usually  acceptexl 
theory  v'f  .nrjtrxxn  capture,  (he  highly  c\-citcd  capture 
states  are  so  ..  .T.pie.x  that  there  is  dttic  hkciihood  of 
regularity  in  the  deexcitatkKi  gamma  tninsitkxns. 
Recent  studks  by  NRL  hsxe  tended  to  contradict 
this  theory  by  i’idicaiing  that  there  is  regubrity .  This 
reg'jbrily.  ak'i^  with  an  vxbserxcd  prefer.-r.ee  fv'r 
panicle  slates  .'xer  hv'le  states,  is  suggestixc  v'f  a 
vhrecl  capture  mechanism. 

Tbemul  Btooning  of  Laser  Bcsxns.  The  mal  blvxxtn- 
ing-  v'f  the  cvxntinaou-.  low  cring  v'f  the  power  density  vxf 
laser  beams  vxwing  to  the  dixc.'ging  lens  effec;  ol  (he 
medium  iraserscd.  lias  bee*.  .•:n  obsiacle  k'  ihic  dexei- 
v'pmcai  v'-f  high-pv'wer  lasers  fvxr  communications, 
ranging.  araJ  similar  appika  Kxns.  Intcrfervxmciric 
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observations  made  by  NRL  scientists  of  the  index-of- 
refraction  changes  that  arise  in  thermal  blooming  have 
enabled  the  investigators  to  correlate  spatially  and 
temporally  resolved  data  on  the  index-of-refraction 
variation  with  the  observation  of  thermtd  blooming. 
This  constitutes  an  important  step  toward  achieve¬ 
ment  of  the  laser  applications  mentioned  above. 

Phned  .\rray  Radar.  NRL  has  made  promising 
progress  in  efforts  to  develop  a  methodology  for 
taking  advantage  of  the  inherent  flexibility  of  a 
piiased  array  radar  (one  which  continually  monitors 
its  own  activity  and  rriodifles  its  parameters  to  achieve 
nearly  optimum  performance  at  all  times),  in  I96K. 
this  progress  consisted  primarily  of  the  production 
of  a  simulation  model  of  the  search  mtsde  for  such 
a  radar. 

infonnadon  Systems.  In  its  efforts  to  develop  an 
information  system  capable  of  identifying  all  mobile 
platforms  above,  under,  and  on  the  world's  iKeans. 
NRL  has  conducted  methodological  investigations 
aimed  at  providing  a  means  for  deriving  the  maximum 
amount  of  valid  information  from  the  very  large 
number  of  reports,  including  incomplete  and  errone¬ 
ous  ones,  expected  'o  'tse  delivered  to  the  system. 
Several  candidate  algorithms  have  been  devcKiped 
which  associate  rroltiple  repor.  ^  arising  from  a  com¬ 
mon  object,  and  work  is  continuing  in  this  area.  .-Mso. 
NRL  is  developing  a  computer  test  bed  for  evaluating 
catKiidate  methixlologies  and  for  determining  informa¬ 
tion  needs  not  presently  being  satisfied. 

.\iudrtk  Functioas  and  Their  .\ppliratioiis.  .-Xn  es¬ 
pecially  useful  cliss  of  entire  functions,  that  of 
Nwinded  index,  lias  been  defir<“d  and  studied  with 
reference  to  average  size  a'sd  rate  of  growth  of  the 
functions  and  their  derivatives,  their  representation 
by  power  series,  and  their  distribution  of  values  and 
zeros.  It  has  been  found  ih.il  functions  of  this  class 
are  necessarily  of  exponential  type,  and  their  partuvl 
charactcriza  km  in  lenns  of  the  cor.  parativ  c  rates  of 
growth  of  the  functions  and  their  derivatives  has  been 
accomplished.  These  and  other  results  obtained  have 
important  ap{dicaiio;.s  iis  problems  in  science  and 
engineering 
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Scale  Model  .Acoustic  Studies.  .A  major  acoustic  test¬ 
ing  facility  -a  well-instrumented  task  22  feel  in  depth. 


.^0  feet  in  diameter,  and  1 16.000  gallons  in  capacity 
has  been  constructed  at  NRL.  Associated  equipment 
provides  for  the  rotation  of  test  transducer  arrays 
to  obtain  complex  underwater  acoustic  patterns.  The 
tank  is  the  first  to  have  the  capability  of  positioning 
a  lest  device  in  three  coordinates. 

Marine  Gccchemistry  of  Huorine.  Using  an  ion- 
specific  electrode.  NRL  scientists  have  developed  a 
simple,  accurate,  and  rapid  method  for  analyzing 
fluorides  in  seawater.  The  accuracy  of  the  method 
has  been  verified  by  the  comparability  of  results  ob¬ 
tained  from  measurements  of  fluoride  in  seawater 
samples  by  both  the  new  method  and  the  well- 
established  photonuclear  activation  technique.  The 
rapidity  of  measurement  is  indicated  by  a  two-minute- 
per-sample  processing  time. 

Scorpion  Search.  .After  six  months  of  searching  for 
the  L’SS  Scorpiiin  in  the  .Atlantic  Ocean.  NRL's  re¬ 
search  ship  L'SNS  Mizfir  located  the  submarine's  hull 
in  more  than  lO.vHlO  feet  of  water.  The  principal 
sensors  used  were  a  w  ide-angle-lens  survey  camera, 
a  side-looking  sonar,  and  a  proton  precession  mag¬ 
netometer.  which  were  towed  about  .^0  feet  off  the 
Krttoni.  .A  toi;il  ol  14.') .000  ocean-bottom  photographs 
was  taken  in  a  12-square-mile  area,  10,000  photo¬ 
graphs  of  portions  of  Scorpum's  hull. 

Sonar  Calibration.  .A  new  facility  placed  in  opera- 
ikm  at  NRL  in  1968  permits  undei water  sound 
transducers  up  to  feet  long  and  5  inches  in  diameter 
t*'  be  calibrated  at  frequencies  ranging  from  10  cycles 
per  second  to  4  thousand  cycles  per  second,  at  le.n- 
pcraiures  ranging  from  the  freezing  point  of  sea¬ 
water  to  -*40^.  and  at  simulated  oce.an  depths  as 
great  as  22. .^00  feel.  Both  absolute  and  comparison 
calibrations  can  be  made. 

Glass  for  Deep-Submergence  Structures.  Despite  the 
well-known  fact  that  the  strength  of  annealed  bulk 
glass  is  limited  by  surface  Raws,  the  material  is  being 
considered  for  use  it.  fabricating  deep-submergence 
sipjctatcs  Measurements  made  by  NRl.  have  es¬ 
tablished  the  rates  of  crack  growth  as  a  function  of 
pressure  and  humidity,  thereby  providing  a  means 
fvvr  predicting  the  times  required  for  small  surface 
cracks  to  grow  to  critical  size.  Selection  of  the  opti¬ 
mum  glass  composition,  however,  will  require  the 
aciumulatrim  of  much  more  data.  1 1 
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An  Overview:  by  Claud  E.  Cleeton,  AssiKiate  Director  of  Kevcarch  for  Electronics 


The  five  divisions  that  comprise  the  electronics 
(ireti  oj  investigation  at  the  Naval  Research  Labora¬ 
tory  made  substantial  progress  during  1968  in  fields 
highly  relevant  to  Navy  needs.  In  addition,  some 
reorganization  in  the  divisions  took  place  in  order 
to  enhance  their  ability  to  respond  to  research  and 
deveiopmetV  problems.  Since  many  of  this  area’s 
achievements  for  1968  stem  from  clu.ssified  inve.stiga- 
tions,  the  reports  given  here  da  not  provide  complete 
coverage.  (For  example,  acccints  of  work  by  the 
Electronic  Warfare  Division  are  almost  exclusively 
classified,  .so  its  activities  are  not  covered  here.) 
Nevertheless,  the  reports  included  are,  in  general, 
representative  of  progress  during  1968. 

Research-supporting  facilities  and  capabilities 
have  expanded  ■  hiring  the  year  to  keep  pace  with 
ever-growing  N^  vy  needs.  For  example,  research 
in  electronics  was  enhanced  by  the  continuously 
expanding  capahdhies  of  the  supporting  Research 
Devices  Facility.  .Ictivity  was  centered  in  the  im¬ 
portant  gas-laser  field  and  involved  difficult  glass- 
envelope  fabrication,  optical-window  preparation, 
electrical  design,  etc.  Also  during  this  period,  workers 
at  the  silicon  integrated  circuit  (microelectronics) 
facility  installed  part  of  the  equipment  needed  to 
provide  a  flexible  research-oriented  service.  The 
mask-preparation  center,  which  is  being  assembled 
for  use  during  1969,  includes  equipment  for  precision 
artwork  and  high-resolution  photoreduction.  A  photo¬ 
lithographic  laboratory,  which  is  now  being  installed 
for  th^  precise  layout  of  artwork  and  for  high-resolu- 
tion  photoreduction  of  solid-state  and  microelec¬ 
tronics  devices,  will  be  in  operation  during  1969. 

The  following  reorientations  were  made  during 
the  year:  the  Energy  Conversion  Branch  of  the 
Electronics  Division  no.v  disestablished,  its  pro¬ 
gram  in  superconducting  devices  Iropped.  and  its 
resources  applied  to  strengthening  the  program 
in  electron  physics.  An  ex'ensive  reorganization  of 
the  Radar  Division  was  conducted  and  a  new  Radar 
Geophysics  Branch  created  to  study  basic  geo¬ 
physical  phenomena  related  to  the  propagation 
of  radar  signals,  the  effects  of  the  Earth  environ¬ 
ment,  and  geophysically  generated  clutter  echoes 
and  electrical  noise  that  compete  with  desired 
radar  .signals.  The  Radio  D'r  ision  was  renamed  the 
Communications  Sciences  Division.  In  order  to  bring 
under  each  branch  of  this  division  the  technical 
activities  which  logically  belong  together,  the  former 
Radio  Navigation  Branch  was  disestablished  and  its 
sections  reassigned  as  follows:  the  former  Avigation 
12  Section  became  the  Integrated  Avionics  Systems 


Section  of  the  Systems  Integration  and  Instrumenta¬ 
tion  Branch;  the  former  Ship  Systems  Section  became 
the  Navigational  Applications  Section  of  the  Electro¬ 
magnetic  Propagation  Branch;  and  the  former 
Submarine  Reception  Section  became  the  Sub- 
Surface  .Antenna  Section  of  the  Radio  Antenna 
Branch.  The  position  of  Assistant  for  Command 
Support  was  established  to  improve  the  division's 
ability  to  anticipate  future  needs  of  the  Navy  in  the 
communication  .sciences  and  to  ensure  tha  the  divi¬ 
sion  is  kept  aware  of  th"  constraints  imphed  in  some 
of  the  long-range  planning  presently  under  way. 


APPLICATIONS  RESEARCH 

Hype /velocity  Ballistics.  NRL’s  studies  of  hyper- 
velocity  ballistics  encompass  both  the  launching 
technique  and  the  impact  phenomena  associated  with 
projectile  velocities  in  excess  of  10,000  feet  per 
second.  Velocities  of  this  magnitude  are  usually 
encountered  only  by  vehicles  in  a  space  environment. 
Knowledge  of  hypervelocity  impacts  is,  therefore,  of 
considerable  importance  to  the  potential  protection 
or  destruction  of  satellites  and  re-entry  vehicles. 

Projectiles  are  launched  by  a  two-stage  light-gas 
gun  consisting  of  a  compression  piston  and  tube, 
high-pressure  section,  and  iaunch  *ube.  Prior  to 
firiiig,  the  compression  tube  is  filled  with  a  low- 
molecular-v/eight  gas,  usually  hydrogen,  until  a 
predetermined  pressure  is  reached.  Upon  firing, 
the  piston  is  accelerated  down  the  tube,  compress¬ 
ing  the  hydrogen.  This  lightweight  gas,  in  turn,  ac¬ 
celerates  the  projectile  thro,jgh  the  launch  tube. 
A  velocity  of  35,200  ft/sec  has  been  achieved  for  a 
0.12-gram  projectile. 

The  tests  show  that  the  impact  phenomena  observed 
in  the  15,000-  to  30,000-ft/sec  velocity  range  is 
completely  different  from  that  observed  at  the  more 
common  gun  velocities  of  under  5,000  ft/sec.  Target 
craters  formed  by  projectiles  traveling  at  high  ve¬ 
locity  are  shallow  and  hemispherical,  whereas  those 
formed  at  low  velocity  are  deep  and  narrow.  Also, 
at  hypervelocities,  projectiles  can  be  completely 
destroyed  as  they  perforate  thin  plates,  whereas  at 
low  velocities  they  pass  through  such  plates  virtually 
undamaged. 

A  five-year  project  undertaken  to  study  the  pene¬ 
trating  capability  of  metal  rods  impacting  metal  plates 
was  completed  in  1968.  it  was  designed  to  increase 
the  knowledge  of  the  parameters  affecting  the  pene- 
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A  two-stage  light-gas-gun  range  with  a  3.25-inch-diameter 
compression  tulie.  On  tlie  floor  in  the  foreground  is  the 
powder  casing,  and  sitting  on  the  breech  is  a  cylindrical 
aluminum  piston.  Beyond  the  compression  tube,  between 
the  circular  flanges,  is  the  high-pressure  section,  and  beyond 
that  is  the  launch  tube.  The  rest  of  the  range  consists  of  the 
cylindrical  blast  lank  and  the  large  rectangular  tiugct  cham¬ 
ber  at  the  rear 

tration  of  targets.  This  study  has  successfully  de’er- 
mined  the  relationship  between  the  length  of  rod  lost 
as  a  function  of  the  impact  velocity,  ttirget-plate 
thickness,  and  rod  and  target  materials.  It  has  also 
established  the  relationship  between  these  parameters 
and  the  diameter  of  the  hole  in  the  target  plate. 
Three  significant  firings  were  observed  during  the 
year:  (ha  6-gram  steel  rod  with  a  length-to-diameter 
ratio  of  15  was  launched  at  a  velocity  of  1 5,000  ft/sec; 
(2)  a  2-giam  steel  cone  was  launched  at  1.5,200  ft/sec; 
and  (,3)  a  0.25-gram  1 /8-inch-diameter  tungsten 

carbide  sphere  was  launched  at  2.3,400  ft/scc.  a 
velocity  which  was  made  possible  by  a  new  sabot 
design  involving  a  fiberglass  material.  A  study  of 


A  I -gram  Mcel  sphere  impactiTig  at  5.500  feet  per  second  is 
able  to  perforate  eleven  1/16  inch-thick  aluminum  plates 
spaced  4  inches  apart  labove).  fhe  same  projectile  impacting 
at  15.000  feet  per  second  .louevcr,  is  .ible  to  perforate 
only  three  of  the  s.inie  target  plates  (helow  i. 

spherical  projectiles  its  small  its  100  microns  in 
diameter  hits  demonsttated  that  the  impact  damage 
cannot  be  sciiled  simply  by  the  projectile  diameter, 
but  instead  as  a  function  of  the  projectile  size,  ve¬ 
locity,  mass,  and  other  parameters. 

Study  results  have  improved  the  under;  tanding  of 
hyperveUK'ity  impacts,  thus  aiding  the  design  of 
piotective  shields  for  space  vehicles  its  well  as  the 
development  of  means  for  intention;illy  damaging 
such  vehicles. 


Kelvin  Wake  Analysis.  A  new  technique  has  been 
developed  and  used  by  NRl.  in  its  continuing  study 
of  the  detection  and  identification  of  disturbances 
which  are  prvHluced  in  the  water  by  moving  objects 
and  which  may  travel  considerable  distances  before  13 
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being  dissipated.  The  Navy  is  interested  in  these 
wave  patterns  and  their  characteristics  because  knowl¬ 
edge  of  them  mig!)t  lead  to  the  development  of  a  means 
of  detecting  wakes  for  marine  traffic  surveillance  of 
both  surface  ships  and  submarines.  An  especially 
interesting  set  of  disturbances  is  the  Kelvin  wake, 
which  is  a  regular  train  of  waves  produced  on  the  sur¬ 
face  of  a  body  of  water  by  an  object  moving  in  the 
water.  The  surface  disturbances  have  a  definite 
pattern  which  can  be  identified  among  the  general 
spectrum  of  surface  waves.  Although  many  studies 
have  been  made  of  this  phenomenon,  some  charac- 


Computer-plotted  vertical  amplitudes  of  a  Kelvin- 
type  wake.  Such  wakes  are  produced  on  the  sur¬ 
face  of  a  body  of  water  by  an  oojec,  moving  in 
the  water. 


Schematic  of  the  230:l-scale  model  configuration  chosen 
to  correlate  the  computer-generated  data  with  naturally 
14  generated  wave  patterns. 


An  example  of  the  Kelvin  wake  patterns 
produced  by  the  230: 1 -scale  model  con¬ 
figuration.  The  model  submersible  used  was 
operated  at  a  scaled  depth  and  speed 
correspcnding  to  these  used  in  computing 
the  wake. 

teristics  of  the  wake  patterns  have  not  been  well 
defined  for  a  variety  of  conditions. 

Based  upon  refinements  of  the  Kelvin  wake 
equation,  a  set  of  computer-plotted  venical  wave 
amplitudes  were  converted  to  intensity  patterns  in 
which  the  light  intensity  is  proportional  to  the  verti¬ 
cal  amplitude.  The  amplitude  calculations  were  made 
for  a  submerged  Rankine  ovoid-type  body  operating 
at  20  knots  and  75-foot  keel  depth.  Correlation  of 
this  representation  with  a  naturally  generated  wave 
pattern  was  made  under  carefully  controlled  con¬ 
ditions.  A  230: 1  scaled  model  was  chosen  and  tested 
in  the  NRL  pool.  Uniform  lighting  of  the  entire 
wake  pattern  was  achieved  by  means  of  a  long  fluo- 
rescen'  lamp  which  causes  the  wake’s  reflection  from 
the  water  to  fall  on  the  narrow  slit  of  a  Sonne  strip 
film  camera.  When  the  film  is  driven  at  a  speed  cor¬ 
responding  to  the  image  motion  of  the  scaled  model, 
a  recording  of  the  accompanying  wake  delineating 
the  crest  and  trough  of  each  wave  is  produced. 

The  results  of  the  study  have  demonstrated  the 
ability  to  model  the  effects  on  wake  patterns  of 
variations  in  :.pced,  depth,  size,  shape,  and  such 
env-ronmentai  factors  as  wind  and  ambient  gravity 
waves  The  resulting  photographs  are  being  used  in 
the  continuing  program  to  guide  optical  data  pro¬ 
cessing  and  systems  design  efforts  which  will  deter¬ 
mine  the  feasibility  of  tracing  vessels  by  means  of 
Kelvin  wakes. 
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Electromagnetic  Propagation  Through  Caseous  Ex- 
hau<ts.  During  the  year,  NRL  has  performed  ex¬ 
periments  to  n’-isure  the  effects  on  electromagnetic 
propagation  of  rocket  exhausts  in  a  high-altitude 
environment.  These  effects  are  important  to  the 
Navy  in  determining  the  accuracy  and  reliability 
of  electromagnetic  detection,  tracking,  and  guidance 
systems  when  operating  with  targets  that  emit  caseous 
exhausts.  The  propagation  path  is  distorted  oy  tur¬ 
bulence,  particle  scatter,  and  ionization  created  by 
the  gaseous  exhausts.  Improved  knowledge  of  the 
effects  of  this  distortion  is  reeded  in  system  design. 

The  attenuation  and  phase-shift  measaiements 
made  at  NRL  indicate  a  definite  dependence  of  these 
quantities  on  rocket  altitude,  propellent  ty[>e.  and 
electromagnetic  frequency.  There  is  also  a  strong 
indication  that  in  many  cases  the  received  signal  con¬ 
sists  of  the  summation  of  two  kinds  of  signals,  namely 
the  one  that  reaches  the  receiving  antenna  after 
traversing  the  rocket  plume  and  the  one  that  is  guided 
along  the  curvature  of  the  plume  to  the  receiving 
station. 

Measurements  indicate  that  the  rocket  exhaust 
modulates  the  transmitted  signals  in  both  phase  and 
amplitude.  Although  the  exact  shape  of  the  curve 
varies  as  the  area  of  the  exhaust  illuminated  by  the 
transmitting  antenna  is  varied,  pha.se  modulation 
curves  were  found  to  be  generally  similar  to  ampli¬ 
tude  modulation  curves. 


A  riK'kel’s  exhaust  modulates  transmitted  signals  in  both 
phase  and  amplitude.  Shown  above  is  the  .amplitude  noise 
measured  during  one  simulated  .SO.OOO-foot-altiludc  run. 
The  shape  of  the  curve  varies  as  the  region  of  the  exhaust 
illuminated  by  the  transmitting  antenna  is  varied.  Phase 
modulation  curves  are  similar  to  amplitude  modulation 
curves. 


.Measurements  are  made  through  the  exhaust  of  a  200-pound- 
Ihrusl  motor  burning  a  Poseidon-type  propellant-  Two 
focused-beam  systems  and  one  open-hom  system  tmounied 
in  the  ring  ft  jnel  provide  simultaneous  data  at  three  micro- 
"  ave  frequencies  I '-.e  motor  on  the  nutating  boom  ilcfr 
center)  is  mounted  op  a  traversing  cart  to  provide  birth 
lorgiludi.nal  and  transverse  motion  during  a  firing. 


.Although  analysis  of  the  data  is  not  complete,  it 
is  already  apparent  that  this  researcli  can  be  used  for 
the  evtduation  of  plume  signal  itit 'rference  by  vari¬ 
ous  propellent  types.  For  a  given  type  of  propellent, 
electromagnetic  frequency,  and  rocket  altitude,  pre¬ 
dictions  c;ui  be  made  of  the  exter.'  of  communications 
blackouts  due  to  signal  attenuation  or  excessive  noise 
levels.  .Also,  in  c  .n;un  cases,  the  enhancement  of  com¬ 
munications  due  to  wave  bending  tu'ound  the  exhaust 
plume  can  be  predictcil. 

The  experiments  were  conducted  in  the  NRl.  space, 
altitude,  and  veliK’ity  chamber  described  in  the  1967 
Aniiiuil  Rcixiri.  During  the  year,  instrumentation 
has  been  improved  to  measure  phase  shift,  phase 
noise,  amplitude  shift,  and  amplitude  noise.  The 
in.strumentaiion  includes  an  ullr.iprecision  qu;ulz 
oscillator  lor  phase  stabilization  of  the  klystron 
oscillators  and  hiu'dening  of  the  antenna  horns 
and  transmission  lines  to  avoid  acoustical  inter¬ 
action  in  the  exhaust  environment.  Measurements 
have  been  ntade  at  2.2.  9,8.  and  24.0  billion  cycles 
per  seconds,  both  with  tran.miissions  across  the  plume 
and  also  at  various  angles  between  the  plume  axis 
and  the  line  of-sight  path  lietween  transmitting  and 
receiving  antennas. 
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Solrad.  On  March  5.  1968,  NRL's  Solrad  IX 

satcilile.  kncv.n  also  as  Explorer  37  and  I968-I7A, 
was  launched  by  the  National  Aeronautics  and  Space 
Administration  (NASA)  from  Wallops  Island,  Vir¬ 
ginia,  into  an  orbit  inclined  59,4  degrees  to  the 
Earth’s  equator,  with  an  apogee  of  476  nautical 
miles  ;md  perigee  of  275  nautical  miles.  At  this  lime, 
the  satellite  began  its  continuous  monitoring  of  bands 
of  solar  x-ray  and  ultraviolet  emission,  which  are 
obscured  from  observation  at  the  Eailh's  surface  by 
absorption  in  the  atmosphere.  The  information 
obtained  increases  the  understanding  of  the  physical 
processes  involved  in  solar  activity.  This  permits 
the  establishment  of  the  x-ray  flare  characteristics 
and  their  relation  to  radio  cajmmunications  disturb¬ 
ances,  the  development  of  techniques  for  predicting 
solar-induced  terrestrial  disturbances,  and  the  estima¬ 
tion  of  hazards  in  space  environment  operations. 

When  Solrad  IX  is  tracked  by  the  NRL  Satellite 
Tracking  and  Telemetry  Station  at  Blossom  Point, 
Maryland,  the  telemetry  data  are  tninsmitted  via 
telephone  lines  to  NRL  in  real  time.  The  data  ac¬ 
quired  as  the  satellite  passes  overhead,  as  well  as  the 
stored  memory  data  acquired  periodically,  are  pro¬ 
cessed  at  the  Data  Operations  Center  and  trans¬ 
mitted,  in  special  teletype  message  format,  to  all 
stations  of  the  U.S.  Air  Force  Solar  Observation 
and  Forecasting  Network.  These  include  activities 
of  the  Department  of  Defense.  Environmental 
Science  Services  Administration  (ESSA).  NASA, 
and  other  organiziitions.  The  Space  Disturbance 
Forecast  Center  of  ESSA  in  Boulder,  Colorado, 
is  a  prime  user  of  this  information;  in  addition  to 
messages  provided  routinely,  computer-generated 
plots  displaying  10-14  hours  of  stored  x-ray  data  .are 
forwarded  in  facsimile  to  this  activity.  Furthermore, 
predictions  of  significant  solar  activity  are  provided 
directly  to  the  Naval  Communications  Command  to 
assist  in  the  promulgation  of  Fleet  radio  propagation 
warnings.  During  1968.  14  alerts  were  sent. 

In  the  closing  weeks  of  the  year,  NRL  was  called 
upon  to  support  the  Apollo  VIII  mission  by  using 
Solrad  IX  information  ti>  predict  solar  activity 
which  might  affect  the  environment  through  which 
the  Apollo  spacecraft  traveled.  For  several  days 
prior  to  the  launch  and  during  the  flight,  data  were 
furnished  as  rapidly  as  possible  to  the  Space  Dis¬ 
turbance  Forecast  Center,  which  has  overall  re¬ 
sponsibility  to  NASA  for  this  support  of  the  Apollo 
program.  NRL  participated  in  providing  the  best 
16  possible  and  most  up-to-date  space-environment  in¬ 


formation  for  Apollo  VIII  astronauts,  for  which 
it  received  a  commendation  from  ESSA. 

Special  data-processing  equipment  is  now  under 
development  to  replace  the  majority  of  manual 
procedures  presently  required  to  provide  quick- 
response  processing  of  both  the  near  real-time  and 
the  stored  data.  To  support  the  Naval  Air  Systems 
Command  exploratory  development  tasks  in  solar 
monitoring  and  to  formalize  objectives  within  the 
Laboratory  by  bringing  participating  groups  together 
in  a  cohesive  effort,  the  NRL  Solrad  project  team 
was  established  in  July  1968.  (Prior  to  1968,  the 
Solrad  monitoring  experiment  was  being  carried  out 
cooperatively  by  personnel  of  the  Space  Sciences 
and  the  Applications  Research  Divisions.  The 
formation  of  the  Solrad  project  team  further  strength¬ 
ened  this  cooperative  effort.)  Specifically,  the  proj¬ 
ect’s  objectives  are  to  (1)  develop,  construct,  test, 
evaluate,  and  provide  launch  support  for  Solrad 
satellites,  (2)  track,  command,  and  acquire  satel¬ 
lite  telemetry,  and  (3)  reduce,  analyze,  and  transmit 
solar-emission  data  for  scientific  and  application 
purposes. 
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Closed  Cycle  CO2  Laser.  Until  recently,  COj  lasers 
required  a  flowing  gas  and  cumbersome  mechanical 
pumps.  In  1968,  NRL  developed  a  noncirculating 
sealed  off  CO2  laser  and  operated  it  conimuously 
for  1 ,050  hours  without  a  catalyst  at  a  continuous 
power  level  of  20  watts  and  an  efficiency  of  7.5 
percent.  The  actual  lifetime  of  the  apparatus,  which 
might  be  considerably  more  than  1,050  hours,  was 
not  determined  because  the  experiment  had  to  be 
terminated  due  to  lack  of  facilities  and  space.  The 
laser  tube  is  86  centimeters  long,  has  a  I -cm  bore,  and 
is  equipped  with  Brewster  windows  and  external 
mirrors.  Increased  efficiency  would  have  been 
obtained  if  the  mirrors  had  been  mounted  internally. 
The  tube  gas  fill  was  COj  and  helium.  The  same 
efficiency  and  life  could  have  been  obtained  with  a 
tube  fill  of  COi,  He,  and  Nj,  but  that  would  have 
required  that  the  tube  be  water  cooled  for  long  life 
because  chemical  reactions  with  the  N2  are  sensitive 
to  temperature. 

The  experiment  has  demonstrated  that  field- 
operated  CO2  gas  lasers  can  be  developed.  Promising 
areas  of  application  include  communications  and 
radar  systems  which  transmit  in  the  10-fliicron  low- 
attenuation  "window"  in  the  atmosphere. 
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Controllable  Light  Transmission  Films.  A  discovery 
of  controllable  optical  absorption  in  thin  films  of 
gallium  phosphide  (GaP)  has  been  made  at  NRL. 
These  films  are  evaporated  onto  quartz  substrates 
in  a  high-vacuum  chamber  and  then  subjected  to  an 
annealing  process  at  a  temperature  between  260‘’C 
ai  J  575°C.  The  interesting  characteristic  of  GaP 
is  that  different  light  transmission  cutoffs  are  obtained 
for  different  annealing  temperatures  and  that  the 
annealing  techniques  provide  a  controllable  light 
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As  shown  here,  the  optical  absorption  characteristics  of 
thin  films  evaporated  on  a  quartz  substrate  are  dependent 
on  the  film  annealing  temperature.  By  varying  this  tempera¬ 
ture.  the  optical  characteristics  of  GaP  may  be  made  to  span 
the  range  of  many  other  semiconducting  materitUs. 


transmission  cutoff  that  spans  the  range  of  almost 
all  other  common  solid-state  device  materials. 

An  obvious  practical  application  of  the  technique 
is  in  the  fabrication  of  optical  filters  with  different 
wavelength  cutoffs  or  even  variable  wavelength 
cutoffs,  all  in  one  material.  However,  it  may  turn 
out  that  the  most  useful  applications  lie  elsewhere. 
The  light  transmission  cutoff  characteristic  is  directly 
related  to  the  width  and  nature  of  the  forbidden 
energy  gap  in  a  semiconductor  material.  The  possi¬ 
bility  of  varying  the  width  of  the  gap  of  a  single 
material  through  wide  limits  by  a  simple  annealing 
process  provides  a  powerful  tool  for  the  study  of 
this  semiconductor  material  and  devices  made  from 
it.  The  next  objective  will  be  to  study  the  detailed 
nature  of  the  absorption  band  spectrum  as  a  function 
of  the  energy  gap. 

The  discovery  is  a  result  of  NRL’s  continuing  pro¬ 
gram  of  studying  thin-film  and  surface  phenomena 


to  obtain  a  better  understanding  and  to  improve  the 
performance,  efficiency,  and  reliability  of  solid- 
state  thin-film  devices. 


Microwave  Shipboard  Communications.  A  means 
for  achieving  high  reliability  of  shipboard  microwave 
communications  without  providing  excessive  power  to 
overcome  fading  has  been  developed.  Experiments 
conducted  at  37  billion  cycles  per  second  during  the 
past  year  substantiate  the  conclusions  of  an  analytical 
study  that  antenna  diversity  techniques  are  feasible 
for  shipboard  line-of-sight  communications,  especi¬ 
ally  at  the  higher  frequencies  for  which  the  required 
antenna  separation  is  conveniently  small.  With  this 
approach,  the  transmitted  signal  is  received  by  two 
or  more  receivi.ig  antennas.  When  the  antennas  are 
displaced  in  space,  the  received  signals  display  differ¬ 
ent  fade  characteristics.  Experimental  results  ob¬ 
tained  in  1968  show  that  for  certain  antenna  spacings 
a  strong  negative  correlation  exists  between  the  re¬ 
ceived  signals,  and  by  summing  the  two  signals  the 
need  for  a  large  amount  of  excess  power  is  eliminated. 
Calculations  based  on  this  experimental  result  indi¬ 
cate  that  the  power  required  to  provide  a  ship-to- 
ship  communication  link  of  a  given  range  and  relia¬ 
bility  with  this  diversity  system  would  be  about  15 
decibels  lower  (or  30  times  less)  than  with  a  system 
having  only  one  antenna. 

The  implementation  of  microwave  systems  for  ship- 
to-ship  and  ship-to-shore  communications  will  greatly 
improve  the  Navy’s  communications  capability  be¬ 
cause  microwaves  are  less  tiffected  by  the  weather 
than  the  shorter  wavelengths  of  optical  or  infrared 
systems,  and  they  also  provide  higher  directivity  and 
higher  security  through  limited  range  than  high- 
frequency  systems,  which  use  longer  wavelengths, 

« 

Spherical  Airborne  Antenna  Coverage.  Early  in  1 968, 
flight  tests  were  conducted  on  an  engineering  model  of 
the  NRL-developed  Hartlobe  antenna  system.  These 
tests  showed  a  remarkable  improvement  in  the  per¬ 
formance  of  airborne  transponder  beacons  used  for 
identification  of  friend  or  foe  (IFF)  and  air  traffic 
control  (ATC)  purposes.  The  Hartlobe  antenna 
system  was  developed  by  NRL  to  solve  the  long¬ 
standing  problem  of  blindspots  in  airborne  antennas 
due  to  shielding  by  the  airframe. 

Airborne  antennas  should  be  omnidirectional  in 
order  to  satisfy  the  systems  functions  of  communi¬ 
cation.  radio  navigation,  IFF.  etc.  Flight  experiments  17 
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Comparison  of  the  received  radiation 
patterns  obtained  when  operating  a 
top-  and  bottom-mounted  antenna 
(above)  independently  and  (below) 
together  as  integral  components  of 
the  Hartlobe  antenna  system. 


demonstrated  that  nearly  omnidirectional  antenna 
patterns  were  obtained  at  various  ranges  and  airplane 
bank  angles.  These  tests  also  gave  assurance  that  the 
overall  system  performj'.nce  was  in  no  way  compro¬ 
mised.  The  deep  nulls  encountered  in  signal  reception 
when  the  aircraft  employs  only  one  antenna  are  very 
nearly  eliminated  in  the  Hartlobe  pattern.  The  basic 
technique,  as  applied  to  beacon  systems,  consists  of 
continuously  monitoring  the  two  antenna  signals  by 
means  of  beacon  receivers  connected  to  each  antenna 
and  of  switching  each  transponder  reply  to  the  antenna 
receiving  the  stronger  signal.  Each  interrogation 
is  handled  on  an  individual  basis  by  means  of  pulse- 
by-pulse  comparison. 

The  significant  improvement  in  airborne  spherical 
antenna  coverage  of  IFF  and  ATC  transponders  and 
its  obvious  potential  contributions  to  the  success 
of  military  missions  and  increased  safety  have  created 
great  interest  in  the  speedy  adoption  and  implementa¬ 
tion  of  the  Hartlobe  system  by  all  three  military 
services  and  by  the  Federal  Aviation  Agency. 
Currently,  NRL  is  assisting  the  Naval  Air  Systems 
18  Command  and  Program  Manager  PM-8  (AIMS)  in 


setting  up  standards  to  assure  satisfactory  operation 
of  this  system  when  it  is  implemented. 


Theory  of  Radar  Sea  Clutter.  The  lack  of  a  good 
model  of  electromagnetic  backscatter  from  the  sea 
surface  is  a  major  impediment  to  the  improvement  of 
radar  performance.  By  providing  a  better  basic  under¬ 
standing  of  radar  sea  clutter  caused  by  wind-generated 
waves,  such  a  model  would  aid  the  radar-system 
designer. 

During  the  past  year,  NRL  has  developed  an  im¬ 
proved  mathematical  model  of  this  complex  problem 
and  has  substantiated  it  experimentally.  In  this 
model,  the  strongest  sources  of  the  backscatter 
signal  are  the  short  surface-water  wavelengths  which 
satisfy  the  first-order  Bragg  reflection  condition 
given  by  2Xw  cos  9-  Xo,  where  Xw  is  the  water  wave¬ 
length,  X(i  is  the  radar  wavelength,  and  9  is  the  radar 
depression  angle  (angle  of  incidence).  These  small 
water  waves  are,  of  course,  superimposed  on  the 
longer  gravity  waves  and  are  therefore  tilted  out  of 
the  horizontal.  The  tilt  has  a  large  effect  on  the 
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A  compf'fison  of  experimenlal  data  with  predicted  values  of 
sea  clutter  amplitudes  as  a  function  of  radar  depression  angle, 
showing  how  well  the  NRl,  mathematical  model  describes 
the  complex  problem  of  radar  sea  clutter.  The  experimental 
data  shown  above  were  obtained  at  1,22.S  million  cycles  per 
second  (L  band). 


horizontally  polarized  and  cross  polarized  cross  sec¬ 
tions,  and  this  effect  is  also  included  in  the  model. 

Development  of  the  model  was  aided  by  measure¬ 
ments  taken  under  controlled  conditions  in  laboratory 
water  tanks.  Good  agreement  was  obtained  between 
results  of  the  model  studies  and  data  collected  over 
open  water  by  a  specially  instrumented  NRL  Super 
Constellation  aircraft  on  vertical  polarization  at  428. 
1,225,  4,450,  and  8,910  million  cycles  per  second. 
Good  agreement  also  was  obtained  for  horizontal  po¬ 
larization  at  the  two  lowest  frequencies  given  above. 
The  wavelength  dependence  and  absolute  value  of 
the  mean  squared  water-wave  height  spectra  cal¬ 
culated  from  sea  clutter  cross  sections  are  in  reason¬ 
able  agreement  with  oceanographically  measured 
spectra  and  are  consistent  with  an  equilibrium  or 
satunition  spectrum  for  short  gravity  waves. 

Measurements  of  the  doppler  spectrum  of  the 
backscattered  signals  from  wind-generated  waves 
in  a  wave  tank  are  being  continued  to  determine  the 


role  of  higher  order  scattering  and  to  attempt  to  relate 
the  properties  of  the  doppler  spectrum  to  the  mech- 
ani.sms  of  wave  generation  by  the  wind.  Also,  the 
Super  Constellation  will  continue  to  be  used  to  obtain 
more  data  at  smaller  angles  of  incidence  and  during 
higher  sea  states. 


RADAR 

Radar  Target  Scintillation.  The  advancing  state-of- 
the-art  in  radar  techniques  has  reduced  systematic 
errors  in  airborne  target  location  and  doppler  velocity 
determination  to  a  low  level.  The  major  remaining 
limitation  to  superior  radar  performance  is  target 
scintillations  which  cause  fluctuating  errors  in  the 
radar  information  on  the  angle,  range,  and  velocity 
of  a  target.  The  target  scintillations  result  from  the 
complex  shape  of  the  target  as  it  presents  several 
reflecting  surfaces  changing  in  relative  position  with 
respect  to  the  radar.  This  is  caused  by  the  target's 
random  yaw,  roll,  and  pitch  motions,  which  occur 
even  when  it  is  flying  a  "straight  line"  course.  These 
motions  cause  the  echo  signals  from  the  reflecting 
surfaces  to  change  randomly  in  relative  phase  and 
amplitude.  Since  a  typical  radar  cannot  resolve  the 
surfaces  and  look  at  them  individually,  it  will  observe 
a  single  echo  signal  composed  of  the  summation  of 
the  echoes  from  the  individual  reflecting  surfaces. 

This  signal  will  scintillate  because  of  the  randomly 
changing  relative  phase  and  amplitude. 

Previous  analyses  of  radar  target  scintillations 
have  shown  the  results  of  the  scintillations  on  only 
specific  radar  systems.  A  1968  NRL  theoretical  and 
experimental  study  of  the  target  echo  signal  propagat¬ 
ing  in  space  has  resulted  in  a  new  general  concept  of 
target  scintillations.  It  is  based  on  the  fact  that,  as 
the  echo  signal  propagates  in  space,  distortions 
occur  that  arc  independent  of  specific  radar  systems. 

This  concept  provides  a  true  description  of  target 
scintillations  and  of  the  relation  between  different 
types  of  target  scintillation  which  are  used,  for 
example,  to  calculate  the  target  doppler  scintillation 
spectrum  from  data  on  target  angle  scintillation  and 
rates  of  target  motion.  The  concept  can  be  readily 
applied  to  determine  its  effects  on  any  type  of  radar 
target  locating  system,  and  it  can  also  be  applied  to 
show  the  effectiveness  of  various  diversity  techniques 
and  their  relative  merit  for  reducing  target  scintilla¬ 
tion  effects  on  radar  performance.  The  theoretical 
relation  between  angle  scintillation  and  doppler 
scintillation  revealed  by  the  concept  has  also  been  19 
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verified  by  radar  measuremenls.  The  theory  shows, 
for  example,  that  the  Gaussian-distributed  angle 
scintillation  and  rates  of  target  motion  of  a  Boeing  707 
aircraft  are  accompanied  by  a  doppler  scintillation 
spectrum  having  the  spike  shape  of  a  modified  Hankel 
function.  The  theoretical  spectrum  was  confirmed 
in  shape  and  magnitude  by  high-resolution  doppler 
measurements.  This  provides  a  simple  means  for 
using  known  data  on  aircraft  to  predict  the  doppler 
scintillation  and  resultant  errors  caused  in  doppler 
velocity  measuring  systems. 


Phase  fronts  radiating  from  dual  sources 
haviiig  arbitrarily  selected  equal-ampli¬ 
tude  excitation,  1 80-degree  phase  differ¬ 
ence,  and  three-wavelength  separation. 
The  relative  amplitude  at  each  point  is 
inversely  proportional  to  the  relative 
range. 


The  new  concept  describes  radar  target  angle 
scintillation  as  a  distortion  of  the  phase  front  of  the 
echo  signal,  which  in  turn  causes  fluctuations  in  the 
apparent  angle  of  arrival  of  the  echo  signal.  In  the 
figure,  the  phase  fronts  of  the  combined  signal  radiat¬ 
ing  from  two  point  sources  having  a  180"  relative 
phase  are  shewn  as  the  distortions  which  cause  angle 
scintillation  errors.  A  diagram  of  the  situation  would 
show  that  in  the  high-distortion  regions,  such  as  at 
radar  1,  the  apparent  location  of  the  source  (along  a 
direction  norm^  to  the  phase  front)  falls  far  outside 
the  physical  area  of  the  target.  In  a  low-distortion 
region,  such  as  at  radar  2,  the  apparent  location  seen 
by  the  radar  falls  back  within  the  area  of  the  dual 
source.  An  actual  aircraft  target  would  cause  distor¬ 
tions  with  random  locations  and  slopes. 

Ionospheric  Earth-Backscatter  Investigations  Carried 
Out  by  Precision  Raytracing.  Investigations  of  the 
effects  of  ionospheric  phenomena  upon  high-fre¬ 
quency  radar  have  been  made  in  which  diagnostic 
ionospheric  propagation  techniques,  including  pre¬ 
cise  ionospheric  raytracing,  are  used  to  predict 
the  detailed  distribution  of  Earth  backscatter.  In 
the  present  stage  of  these  investigations,  a  computer- 
assisted  program  has  been  developed  which  enables 
the  user  to  analyze  radar-signal  data  at  single-hop 
range  from  the  radar  site. 

By  means  of  a  ray  profile  traced  from  a  measured 
ionospheric  electron  density  profile  and  the  applica¬ 
tion  of  (1)  the  radar  range  equation,  (2)  an  expression 
for  ionospheric  absorption,  and  (3)  a  statistical  model 
for  backscattering  from  rough  surfaces,  calculations 
are  made  to  determine  the  distribution  of  the  Earth- 
backscatter  echo  received  by  a  high-frequency  radar. 
This  backscatter  echo,  in  terms  of  power  received  and 
power  versus  time  delay,  is  then  compared  with  mea¬ 
sured  data  to  verify  the  accuracy  of  the  backscattering 


An  example  of  a  ray  profile  obtained  from  an  actual  measured  ionospheric  electron  density  profile.  Since  the  density  of  Ihe 
rays  in  the  vertical  plane  is  proportional  to  the  radiated  power  in  the  direction  of  the  rays,  a  graphic  representation  of  the  vertical- 
20  plane  antenna  pattern  is  obtained.  Both  E-  and  F-layer  contributions  are  evident  at  ail  ranges  shown. 
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An  example  of  a  verification  of  the  close  agreement  of  the 
calculated  (simulated)  Earth-backscatter  echo  distribution 
and  the  measured  distribution  in  regard  to  (a)  time-delay 
to  the  leading  edge,  (b)  positions  in  time-delay  of  the  two 
major  peaks,  (c)  position  of  the  pronounced  null  at  13  milli¬ 
seconds,  and  (d)  general  shape  and  position  of  the  tails  of  the 
distribution.  Some  of  the  discrepancies  between  the  curves 
are  attributed  to  the  omission  in  the  calculations  of  considera¬ 
tion  of  the  variations  in  angles  of  incidence  between  the 
Earth  and  intersecting  rays.  The  effects  of  this  variation  arc 
now  being  incorporated  in  the  calculation  procedures  and 
are  expected  to  produce  even  closer  correlations. 

model  and  the  measured  electron  density  profile. 
When  this  is  verified,  the  ray  profile  represents  a  de¬ 
scription  of  transmitted  power  density  within  the 
volume  illuminated. 

These  ionospheric  raytracing  and  Earth-back¬ 
scatter  profile  matching  techniques  have  been  used 


to  investigate  (I)  the  Earth's  behavior  as  a  scatter 
of  decameter  radiation  at  shallow  incidence  and  (2) 
short-term  evolutions  of  the  ionospheric  propagation 
path  as  represented  by  traveling  disturbances  and 
hydrodynamic-like  gravity  wave  effects. 

Dynamic  Behavior  of  the  Ionosphere  as  Determined 
by  Radar  Observations  of  Artificial  Plasma  Clouds. 

The  occasionally  violent  turbulence  which  charac¬ 
terizes  the  lower  ionosphere,  and  which  has  gradually 
'oecome  accepted  as  an  important  influence  in  the 
creation  and  dissipation  of  sporadic-£  layers,  has 
been  studied  for  many  years  by  optical  tracking  of 
chemical  clouds  injected  by  rockets  or  gun-launched 
projectiles.  Now  N  RL  is  making  use  of  a  sophisticated 
coherent  pulse-dopplcr  research  radar  having  the 
appropriate  frequency  range  and  adequate  signal¬ 
processing  capability  to  probe  the  internal  motions  of 
these  clouds  and  thus  describe  the  turbulence  in 
detail.  The  evolution  of  cesium-  and  barium-seeded 
artificial  plasma  clouds  in  the  lower  ionosphere  is 
studied  to  determine  statistical  descriptions  of  the 
amplitudes,  duration,  and  relative  velocities  of  turbu¬ 
lent  regions  within  the  clouds.  It  should  be  under¬ 
stood  that  the  techniques  used  are  equally  applicable 
to  the  study  of  turbulence,  wind  motion,  and  plasma 
resonance  phenomena  in  the  normal  ionosphere  as 
well,  and  such  studies  are  proceeding.  In  this  con¬ 
tinuing  program,  a  detailed  description  will  be  made 


NRL's  research  radar  installation  on  Chesapeake  Bay,  Maryland. 
The  high-frequency  radar  is  in  (he  left  foreground. 
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DOPPLER  SHIFT  (Hz) 

An  example  of  the  high-frequency  radar  data  observed 
from  a  typical  cesium-cloud  release.  The  format  in 
this  figure  is  quasi-three-dimensional,  displaying  time, 
doppter  shift,  and  signal  amplitude.  The  irregular 
vertical  band  at  zero  doppler  shift,  which  appears  along 
the  entire  2-minute  display,  represents  an  Earth- 
backscatter  echo.  The  briefer,  more  diffuse  signature, 
which  appears  centered  on  4  cycles  per  second  in  the 
lower  two-thirds  of  the  figure,  represents  the  cesium- 
cloud  echo.  Its  irregular  amplitude,  which  characterizes 
the  turbulent  motion,  is  illustrated  by  a  few  high, 
spectral-appearing  peaks  and  by  several  lesser  ampli¬ 
tude  echoes  distributed  over  about  I  minute  in  lime 
and  4  cycles  per  second  in  doppler  shift. 

of  the  turbulence  spectrum  displayed  by  ionosopher- 
ic  fluid  motions  over  a  range  of  eddy  sizes  from  10  to 
100  meters,  a  range  which  cannot  be  studied  optic¬ 
ally.  This  program  promises  to  provide  a  missing  link 
in  describing  the  lower  inertial  and  dissipation  ranges 
of  the  turbulence  spectrum  of  the  lower  ionosphere. 

Frequency  Translation  of  Laser  Radar  Signals.  The 

22  development  of  laser  radars  faces  the  significant 


problem  of  handling  very  large  doppler  (i.e.,  fre¬ 
quency)  shifts  which  arise  because  of  the  very  short 
wavelengths  involved.  Laser  frequency  shifts  from 
hundreds  (e.g.,  supersonic  aircraft)  to  thousands 
(e.g.,  orbiting  satcllities)  of  megacycles  may  be  en¬ 
countered.  In  the  presence  of  lai^e  doppler  shifts  in 
echo  signals,  some  provision  must  be  made  for  tuning 
either  the  laser  transmitter  or  the  reference  signal 
at  the  receiver  so  as  to  maintain  the  difference  fre¬ 
quency  constant  within  the  intermediate-frequency 
amplifier  passband.  Generally,  the  lasers  used  for 
this  purpose  cannot,  in  themselves,  be  tuned  rapidly 
the  required  amount,  so  some  other  method  of  fre¬ 
quency  shifting  must  be  provided. 

One  possible  solution  to  this  problem  has  been 
demonstrated  preliminarily  at  NRL  in  recen!  experi¬ 
ments  in  which  optical  frequency  translation  was 
achieved  in  the  near-infrared  by  means  of  rotating 
magneto-optic  birefringence  in  single-crystal  yttrium 
iron  garnet  (YIG).  Although  visibly  opaque,  the 
ferrimagnetic  material  is  transparent  in  the  infrared. 
In  the  experiment,  a  circularly  polarized  infrared  laser 
operated  at  1.15  micrometers  (1 1,500  angstroms)  was 
beamed  axially  through  a  small  rod  of  YIG  which 
had  been  made  optically  birefringent  by  a  transverse 
magnetic  field.  When  the  magnetic  field  is  electrically 
rotated  about  the  axis  of  the  beam,  a  frequency 
splitting  occurs  in  the  transmitted  signal,  and  the 
output  then  theoretically  consists  of  a  carrier  com¬ 
ponent  and  a  single  sideband.  The  latter  is  the  desired 
frequency-shifted  component.  If  required,  the  carrier 


Apparatus  used  to  achieve  optical  frequency  t)  anslation  of 
laser  light  beams.  The  birefringent  singie<rys(ai  YIG  rod 
is  the  light  dot  in  the  center  of  the  field  coil  assembly  (the 
four  dark  areas  around  the  YIG). 
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component  can  be  virtually  eliminated  by  optimizing 
the  birefringence  to  180  degrees.  For  experimental 
convenience,  the  magnetic  field  was  rotated  at  200 
cycles  per  second  to  obtain  a  400-cycle-per-second 
optical  shift,  which  could  be  observed  with  an  audio 
spectrum  analyzer.  Improved  performance  is  expected 
from  new  variants  of  YIG,  and  these  should  prove 
suitable  for  achieving  the  very  much  larger  frequency 
shifts  required  by  laser  radars. 


A  High-Performance  Analogue  Processor  for  Long- 
Range  High-Frequency  Radar.  NRL  has  developed 
and  is  implementing  a  new.  real-time  signal-  and 
data-processing  system  for  use  with  its  over-the- 
horizon  high-frequency  research  radar  facility  located 
at  its  Chesapeake  Bay  Division.  This  system  provides 
a  theoretical  maximum  signal-to-noise  ratio  improve¬ 
ment  and  full  processing  gain  and  resolution  for  ac¬ 
celerating  targets  as  well  as  constant-velocity  targets. 
With  precise  signal  matching  and  new  signal  spectral 
compression  techniques,  the  detection  and  measure¬ 
ment  of  signals  buried  deeply  in  noise  will  be  feasible, 
and  the  maximum  possible  radar  sensitivity  will  be 
provided.  A  simple  and  direct  analog  implementation 
of  the  signal-processing  system  has  been  chosen  as 
the  most  efficient  and  effective  approach  to  the 
problem.  Less  electronic  hardware  is  required  and 
higher  data  rates  are  achievable  without  the  paral¬ 
leling  of  equipment  in  this  system  as  compared  with 
H  'iy'ilem  iiislnji  tlipilul  Igehnlqiie*!,  Hfuhly  lipphiiili' 
I'iiiud  !iii{iiiii-|iPi)i<i*tinliiii  la'IiiiliiiiUN  lilt!  iiuliijj  tiiiud 
111  t;nnin)l  iiiul  mini  nl/e  llif  iiiulnilrgil  ull'ot'iti  (t|'t’liiiit>r 

illld  ll]l(!flVI'(!IIUi!i 

When  implemented,  this  processor  will  be  the  only 
one  in  existence  providing  all  of  the  capabilities 
mentioned  above.  Its  high  resolution  in  both  acceler¬ 
ation  and  velocity  will  greatly  aid  the  identification  of 
targets  and  permit  an  immediate  separation  of  air¬ 
craft  and  missile  targets.  Present  high-frequency 
radar  signal  processors,  which  have  signal  dynamic 
ranges  from  30  to  60  decibels,  are  frequently  disabled 
by  interference  that  saturates  signal  channels  and 
blocks  target  detections.  The  NRL  system,  which 
provides  significantly  higher  dynamic  ranges,  will 
al'eviate  this  problem. 

An  interim  system  developed  by  NRL  was  imple¬ 
mented  in  1968.  An  improved  model  being  developed 
from  NRL  specifications  prepared  in  1968  will  be 
implemented  during  the  coming  year,  providing  a 
significant  increase  in  the  detection  and  identification 
capability  of  long-range  high-frequency  radars. 


Radar  Detection  of  Nonfluctuating  Targets  in  Log- 
Normal  and  Contaminated-Normal  Clutter.  The 

accuracy  with  which  the  capabilities  of  radars  can  be 
predicted  in  terms  of  probability  of  target  detection 
for  given  acceptable  false-alarm  rates  under  various 
sea  conditions  is  important  to  the  radar  designer. 
In  making  these  predictions  in  the  past,  the  Rayleigh 
distribution  has  been  assumed  for  describing  the  sea- 
clutter  cross  section.  Previous  sea-clutter  measure¬ 
ments  made  by  NRL  by  means  of  a  high-resolution 
X-band  radar  with  a  20-nanosecond  pulse  showed  that 
the  clutter  cross  section  described  by  the  Rayleigh 
model  did  not  fit  the  measured  data.  Two  studies 
completed  at  NRL  during  1968  showed  that  the  log¬ 
normal  and  noncoherent  contaminated-normai  dis¬ 
tributions  provide  a  much  better  fit  to  measured  data 
and  thus  more  accurate  predictions  of  radar  per¬ 
formance  with  respect  to  sea  clutter, 

Measured  and  predicted  results  were  compared  for 
both  a  smooth  and  a  moderate  sea.  It  was  found  that 
the  log-normal  model  provides  a  fair  fit  to  the  data  for 
both  sea  states,  but  the  tail  of  the  distribution  is 
still  too  long.  The  noncoherent  contaminated-normal 
model  provides  a  very  good  fit  to  the  data  for  a  smooth 
sea  and  a  fair  fit  for  a  moderate  sea,  in  both  cases 
having  a  shorter  tail  than  that  of  the  log-normal  model. 

The  probability  of  detection  for  a  steady  signal  in 
log-normal  clutter  was  computed,  and  families  of  de¬ 
tection  probability  curves  versus  signal-to-noisc 
ratio  (.S/N)  were  plotted  for  false-alarm  probabilities 

flinging  frnm  10’  in  10'"  iniii  for  ih?  mn  of  /V  non- 
I'oligi'iini  piilwK,  /V  fiiiigiim  ffoni  I  III  JO,  fuiF  ii  ngii 
Hliil?  2  iihI  ^'"■■10,  IhtJstJ  ciirveK  kIiowihI  iliiii  ii  S/N  of 
soing  HiK  tlgiiilwlti  puF  pulse  would  be  reiiuifed  foF 

90-pcrcenl  probubllily  of  delectioti  and  a  10-"  false- 
alarm  probability.  The  usually  assumed  Rayleigh 
model  for  sea  clutter  would  require  only  1.9  dB  under 
the  same  assumptions  of  detectability.  This  is  a  sig¬ 
nificant  difference  because  the  wrong  choice  of  model 
could  lead  to  serious  errors  in  prediction  of  radar 
performance. 

The  coherent  contaminated-normal  distribution  is 
given  by 


p(x) 
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where  y  is  the  contamination  fraction,  K  is  the  ratio 
of  standard  deviations,  and  the  noncoherent  distri¬ 
bution  is  found  by  passing  p(.r)  through  a  voltage 
envelope  detector.  In  the  contaminated-normal 
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Comparison  of  NRL  experimental  data  obtained  from  a 
smooth  sea  with  a  log-normal  distribution  (tr  =  5.4  decibels) 
and  with  a  contaminated-normal  distribution  {y  =  0.25  and 
K  =  2.25). 


Comparison  of  NRL  experimental  data  obtained  from  a  moderate 
sea  with  a  log-normal  distribution  (<t  =  6.5  decibels)  and  with  a  con¬ 
taminated-normal  distribution  (y  =  0.25  and  K  =  3.5). 


Probability  of  detection  versus  S/N  according  to  the  log¬ 
normal  clutter  model  for  probability  of  false  alarm  ranging 
from  10-*  to  10-*  and  with  o-  =  6  decibels  and  number  (N) 
of  pulses  integrated  =  30. 


Probability  of  detection  versus  S,'N  using  the 
contaminated-normal  clutter  model  with  •>■  = 
0.25  and  K  =  2.25.  (smooth  sea)  for  proba¬ 
bility  of  false  alarm  from  10-*  to  I0-’  and 
number  (N)  of  pulses  integrated  =  30. 
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disiribution  investigation,  the  smooth  sea  was  fitted  by 
choosing  ><=0.25  and  K=2.2^\  the  moderate  sea  was 
fitted  by  choosing  y=0.25  and  Again,  as  in  the 

log-normal  case,  expressions  for  the  probabilities 
of  false  alarm  and  detection  were  developed  for  the 
noncoherent  sum  of  N  pulses  by  use  of  the  charac¬ 
teristic  function  method. 

Finally,  probahility-of-detection  curves  were 
plotted  for  the  same  parameters  as  used  in  the  log¬ 
normal  study.  These  curves  showed  that  a  S/N  of 
5.8  dB  per  pulse  is  required  to  obtain  a  90-pcrcent 


probability  of  detection  and  a  10  "  false-alarm  prob¬ 
ability  as  opposed  to  the  8.8  dB  and  1.9  dH  required 
by  the  log-normal  and  Rayleigh  distributions,  respec¬ 
tively. 

'I'hc  use  of  log-normal  and  noncoherent  contam¬ 
inated-normal  probability  distribution  models  should 
be  of  interest  to  radar  designers  concerned  with  the 
sea  states  considered  in  the  studies.  Investigations 
in  this  continuing  NRl.  program  of  other  sea  states 
await  the  completion  of  additional  sea-clutter  mea¬ 
surements  now  being  made. 


COMMUNICATIONS  SCIENCES 

Centralized  Electronic  Control.  NRl.  has  developed 
an  on-line,  nondisruptive,  fast-acting  frequency 
monitoring  system  (FMS)  planned  for  installation 
aUxird  (he  USS  Nimii:.  (CVAN-bH).  The  FMS 
measures  the  frequency  tuning  accuracy  of  .35  high- 
frequency  receivers  and  the  output  frequency  of  16 
high-frequency  transmitters,  including  the  frequency 
shift  keyed  (F,SK)  mark  and  space  frequency  com¬ 
ponents,  and  displays  the  resulting  information  on  an 


operator's  control  panel.  The  FMS  will  also  be  used 
to  monitor  relative  transmitter  output  powe.',  receiver 
openiting  sensitivity,  and  relative  FSK  chiimel  levels. 

The  measurement  technique  utilized  in  the  FMS 
was  conceived  and  developed  at  NRL.  and  during 
the  past  year  the  system  wa:  fabricated  under  contract 
in  accordance  with  NRL  specifications  and  then 
evaluated  by  the  l.aboratory.  'fhe  FMS  will  be  in¬ 
stalled  as  part  of  the  facilities  control  console  of  the 
CV, AN-68,  where  it  will  use  frequency  information 
provided  by  the  central  lime  and  frequency  facility 


Frequency-monitoring  system  developed  by  NRL  for  future  use  on  the  CVAN-68. 
This  system,  which  provides  scmiaiitomntcd  monitoring  captibility  for  approximately 
50  communications  equipments,  requires  only  minimum  skill,  iudgment.  and  train¬ 
ing  on  the  pimt  of  the  openitor. 
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to  be  installed  aboard  that  ship  according  to  the  plans 
described  in  the  1967  Annual  Report.  The  system 
should  increase  enormously  the  reliability  of  naval 
communications. 

The  CEC  research  model  has  been  expanded  to 
include  application  of  the  basic  element  of  time  and 
frequency  control  to  a  simulated  radtir  system.  Pre¬ 
liminary  studies  show  that  some  advantages  include 
reduction  of  radial  interference  between  two  or  more 
radars,  as  observed  on  the  operator’s  planned  position 
indicator,  improved  performance  in  a  spot  jamming 
environment  through  rapid  frequency  shifts,  and 
positive  control  of  radar  transmissions  in  order  to 
provide  the  capability  for  time  sharing  the  frequency 
spectrum.  The  results  of  this  study  show  that  strong 
considerations  should  be  given  to  taking  advantage 
of  the  central  frequency  and  time  control  element  of 
CEC  to  increase  the  campatibility  of  existing  and 
future  radar  systems. 


Frequency  and  Time  Instrumentation.  A  continuing 
NRL  program  is  devoted  to  meeting  an  important 
and  rapidly  increasing  Navy  need  of  precision  time 
and  frequency.  Instrumentation  and  techniques  are 
developed  for  establishing,  disseminating,  controlling, 
and  utilizing  precision  time  and  frequency.  During  the 
past  year,  NRL  developed  a  central  time  and  fre¬ 
quency  system  for  installation  aboard  the  USS 
Nimitz  (CVAN-68),  following  its  plans  as  described 
in  the  1967  Annual  Report.  This  svaiem  will  function 
as  a  precise  time  and  frequency  reference  facility 
serving  a  number  of  areas  and  systems  aboard  the 
ship.  It  will  supply  time  codes  continuously  to  remote 
units  for  display  and  reference  and  will  provide  stand¬ 
ard  frequency  for  disciplined  devices  requiring  a  high 
degree  of  precision  and  accuracy.  Although  the  system 
as  presently  designed  applies  state-of-the-art  tech¬ 
niques  and  equipments,  it  is  amenable  to  future  up¬ 
grading  as  improved  components  are  developed. 
At  present,  it  employs  crystal  oscillators  which  have 
frequency  drift  rates  of  several  pans  in  10'®  per  day. 
When  the  need  arises,  these  may  be  replaced  easily 
with  cesium-beam  frequency  standards  capable  of 
maintaining  the  frequency  to  within  1  part  in  10". 
Methods  are  provided  for  rating  the  oscillators  against 
the  Navy  very-low-frequency  (vlf)  system  and  for 
setting  the  time  from  the  Navy  time  signal  trans- 
miss'ons  or  from  radio  station  WWV.  Great  emphasis 
has  been  placed  on  providing  high  reliability,  and 
26  strict  guiiros  have  been  built  into  the  equipment  to 


prevent  lapses  in  operation  due  to  either  power 
failures  or  system  component  failures. 

In  1968,  NRL  assisted  the  Navy  Electronic 
Systems  and  Ship  Systems  Commands  by  providing 
techniques  for  updating  the  performance  of  existing 
shipboard  measurement  equipment.  An  interface 
servosystem  was  developed  by  which  the  frequency  of 
the  shipboard  signal  generators  could  be  controlled  by 
a  frequency  counter.  This  increased  the  frequency 
stability  and  setting  capability  of  the  instrument  from 
10®  to  lOL  making  it  compatible  with  new  synthesizer- 
controlled  communication  systems. 

As  a  result  of  efforts  begun  in  1967,  NRL  has  pro¬ 
vided  frequency  monitoring  equipment  for  many  of 
the  Navy's  major  ships.  The  installation  of  this 
equipment  has  resulted  in  a  dramatic  improvement  in 
the  adherence  to  assigned  frequencies  by  Fleet  units. 

In  1968,  NRL  completed  the  installation  of  atomic 
frequency  standards  at  all  Navy  vlf  transmission  sta¬ 
tions.  These  provide  frequency  control  to  several 
parts  in  10".  NRL  has  made  preliminary  design  plans 
of  a  system  for  the  control  of  the  frequency/time 
aspects  of  Navy  communication  stations  from  a  single 
time  and  frequency  reference  within  each  station. 


Antenna  Multicoupling.  The  typical  Navy  shipboard 
environment  imposes  severe  restrictions  on  the 
number  of  usable  sites  available  for  communication 
antennas  which  must  serve  numerous  receivers  aboard 
a  ship.  In  order  to  take  maximum  advantage  of  avail¬ 
able  antennas,  multicoupling  techniques  have  been 
developed  that  permit  individual  antennas  to  be  shared 
by  many  receivers  and  transmitters. 

Commercially  available  F-1039A/LI  bandpass 
filters  have  been  used  to  provide  the  preselector 
function  between  the  antenna  and  radio  receiver. 
During  1968,  NRL  investigated  the  possibility  of 
combining  large  numbers  of  these  filters  to  operate 
from  single  antennas  over  the  2-30-million-cycles- 
per-second  (MHz)  frequency  range.  Success  of  this 
endeavor  would  permit  the  Navy  to  implement  avail¬ 
able  filters  to  ease  antenna  problems  on  existing 
ships.  However,  it  was  found  that  no  more  than 
three  F-  1039A/U  filters  in  their  original  form  could  be 
operated  from  one  antenna  over  the  high-frequency 
range  without  encountering  resonances  that  create 
unacceptable  attenuation  of  incoming  signals. 

In  ordf  r  to  permit  more  than  three  filters  to  be 
operated  from  one  antenna,  a  new  combining  tech¬ 
nique  was  designed  by  NRL  in  which  the  input 
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ARTIFICIAL  TERMINATED  TRANSMISSION  LINE 
COMBINING  TECHNIQUE  FOR  F-I039A/U  FILTERS 


By  properly  modifying  the  input  circuitry  for  commercially 
available  btindpass  filters,  ;i  group  of  Mich  fillers  may  be 
series-connected  to  a  communicjition  antenna  to  perm:!  it 
to  be  shared  by  many  receivers  and  tmnsmilters.  I  be 
theoretical  system  degr.idaiion  for  this  type  of  combining 
(mullicoiipling)  technique  is  shown  for  f>-  and  12-unil 
systems. 

circuitry  of  each  filler  simulates  a  section  of  50-ohni 
transmission  line.  A  group  ol  filters,  as  modified,  can 
then  be  connected  in  series  between  the  antenna  and 
a  5()-ohm  termination.  The  theoretical  system  deg¬ 
radation  for  this  type  of  combining  technique,  as 
compar  I  to  single  unit  performance,  is  3,5  decibels. 
This  could  be  achieved  only  if  the  input  impedance 


characteristics  of  each  fitter  are  pcifcctly  compensated 
and  re.sult  in  an  insertion  voltage-standing-wave  ratio 
(VSWR)  of  unity.  In  laboratory  tests,  this  goal  is 
closely  approached  up  to  10  MHz.  Between  10  MHz 
and  30  MHz  somewhat  poorer  performance  is 
achieved  because  of  a  rising  insertion  VSWR  charac¬ 
teristic.  This  technique  provides  the  Navy  with  a 
means  for  implementing  available  receiving  multi¬ 
couplers  on  existing  ships  to  enable  the  use  of  fewer 
antennas  for  a  given  number  of  receivers. 


Flight  Tests  of  the  NRL  Mark  III  Omega  Aircraft 
Receiver.  On  September  6,  1968,  the  Deputy 

Secretary  of  Defense  signed  a  Program  Change 
Diieciive  approving  implementation  of  the  Omega 
navigation  system  on  a  worldwide  basis.  Omega 
is  a  very-low-frequency  radio  navigation  system 
that  can  be  used  by  aircraft,  surface  ships,  or  sub¬ 
marines. 

The  significant  contribution  of  the  NRL-developed 
Mark  Ml  Omega  receiver  to  this  worldwide  navip- 
tion  system  was  demonstrated  conclusively  during 
an  8.000-mile  transatlantic  (light  test  in  October 
1968.  With  observers  from  the  Federal  Aviation 
Agency,  the  Omega  Project  Office,  the  Naval  Air 
Systems  Command  (NASC),  and  the  U.S.  Coast 
Guard  aboard,  an  NRL  aircraft  flew  the  ‘‘ollowing 


Plight  route  for  testing  the  NRI. -developed  Mark  III  Omega  aircnift  receiver. 
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flight  legs  with  the  Mark  III  as  the  primary  navi¬ 
gation  system:  (I)  Naval  Air  Station.  Patuxent  River. 
Maryland,  to  Argentia,  Newfoundland;  (2)  Argcntia 
to  Mildenhall,  England;  (3)  Mildcnhall  to  Madrid, 
Spain;  (4)  Madrid  to  the  Azores;  (5)  the  Azores  to 
Bermuda;  and  (6)  Bermuda  back  to  Patuxent  River. 
The  system  provided  instantaneous  readings  of  lati¬ 
tude  and  longitude  during  the  entire  flight. 

The  four  Omega  transmitting  stations  used  during 
these  flights  are  located  at  Bratland,  Norway;  Port 
of  Spain,  Trinidad;  Haiku,  Hawaii;  and  Forestport, 
New  York.  The  flying  time  was  reasonzWy  well 
distributed  between  day  and  night  and  included 
sunrise  and  sunset  periods  at  all  transmitting  stations 
and  at  the  aircraft.  Comparisons  between  Mark  III 
position  fixes  and  shore-based  point-source  systems’ 
position  fixes  made  at  first  contact  and  extreme 
range  are  shown  in  the  table. 

Except  in  some  areas  where  the  Bratland  signal  was 
used,  the  accuracy  was  about  as  expected.  On  a 
demonstration  flight  in  England  for  Royal  Air  Force 
personnel,  all  fixes  made  on  the  basis  of  the  Bratland 
signal  indicated  an  offset  of  about  4  miles  at  about 
120  degrees.  This,  of  course,  can  be  remedied  by  a 
propagation  correction. 

During  the  six  overwater  legs  of  the  flight.  Omega 
demonstrated  an  outstanding  capability  to  tie  into 
shore-based  radio  facilities.  The  average  deviation 
from  VOR-DME-TACAN  (see  table)  was  1.4 
nautical  miles  in  distance  and  I  degree  in  bearing. 
The  reliability  of  the  Mark  III  under  adverse  weather 
conditions  was  demonstrated  vividly  when  at  least 
three  Omega  signals  were  tracked  over  the  entire 
trip  without  signal  loss.  On  the  flight  leg  from  Argentia 
to  Mildenhall,  all  Loran  A,  Loran  C,  and  communica¬ 
tions  signals  were  obliterated  foi  about  three  consecu¬ 
tive  hours  by  severe  rains  and  icing  conditions,  but 
the  Omega  signals  were  unalTected.  The  Mark  111 
consistently  tracked  through  the  precipitation  static, 
and  on  arriving  within  range  of  the  short-range  VOR- 
DME  system  at  Shannon,  Ireland,  indicated  a  posi¬ 
tion  difference  of  3  nautical  miles  in  range  and  3 
degrees  in  bearing. 

Throughout  the  overwater  flights,  an  Omega- 
actuated  course  deviation  indicator  (GDI)  was 
used  to  provide  steering  directions  to  the  pilots. 
The  GDI  displayed  at  all  times  the  deviation  from 
great-circle  routes.  Similar  signals  could  have  been 
coupled  to  the  autopilot. 

Additional  flights  across  the  United  States  and  the 
28  Pacific  Ocean  to  Hawaii  and  in  the  Garibbean  area 


with  Army  and  Air  Force  observers  aboard  provided 
similarly  satisfactory  results. 

The  Mark  111  is  the  third  in  a  series  of  Omega  air- 
crjift- receiver  equipment  designed  and  developed  by 
NRL.  It  consists  of  an  NRL-devcloped  receiver 
section  and  a  navigation  computer  designed  and 
developed  under  an  NRL  contract. 


Mark  III  installation  in  NRL’s  EC  I2I-K  aircraft. 


AN/ARN-99  (XN-L)  Omega  Navigation  Set.  This  set  in¬ 
cludes  a  receiver-computer  unit,  control-indicator,  and 
antenna-coupler  unit.  It  is  designed  for  use  in  any  low-  or 
high-performance  iiircrafi  and  will  operate  with  either  an 
orthogonal  loop  or  omnidirectional  antenna. 
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Aircraft 

Approaching 

After  a  Flight 
Length  of 

Omega  Distance  and 
Heading  Difference  \'.v 
TACAN  or  VOR  and  DME* 

Distance 

from 

Destination 

Nautical  Miles 

Hours 

Nautical  Miles 

Degrees 

Nautical  Miles 

Argentia 

1.200 

6 

1.4 

0 

72 

Shannon 

1,700 

10 

3.0 

3 

45 

Madrid 

500 

2.5 

t 

0 

t 

Azores 

1,000 

5 

0.75 

0 

128 

Bermuda 

1.800 

9 

2.5 

3 

132 

Patuxent 

600 

3 

0.25 

1 

76 

•The  acronyms  TACAN,  VOR,  and  DME  stand  for  Tactical  Air  Navigation,  Very  High  Frequency 
Omnirange,  and  Distance  Measuring  Equipment,  respectively. 
tNo  distance  measurement. 


The  receiver  includes  antenna  couplers  for  loop 
and  blade  antennas,  filters  to  eliminate  adjacent 
channel  interference,  limiters  to  suppress  impulse 
noise  and  provide  constant  output  amplitude  from 
the  receiver,  conversion  of  the  signal  frequencies 
to  an  intermediate  frequency  that  is  convenient 
for  the  computer,  and  timing  circuits  to  produce 
gating  waveforms  which  identify  the  incoming 
Omega  signals  to  the  computer.  The  receiver  con¬ 
troller  contains  facilities  for  synchronization  of  the 
receiver  timer  with  the  incoming  signals  and  for 
testing  the  receiver  performance. 

The  computer  processes  the  phase  information 
contained  in  the  signals  to  provide  data  useful  for 
navigation,  and  it  puts  out  such  information  as  the 
present  position  in  latitude  and  longitude,  the  dis¬ 
tance  and  bearing  to  a  destination,  and  the  cross-track 
error  (which  can  be  coupled  to  an  autopilot).  Magnetic 
variations  and  phase  corrections  for  a  given  time  and 
location  are  manually  inserted  into  the  computer  via 
a  keyboard. 

A  prototype  computerized  Omega  aircraft  receiver 
(having  a  volume  of  less  than  I  cubic  foot  and  a 
weight  of  45  pounds)  will  be  delivered  to  NASC 
in  the  first  quarter  of  1969,  and  flight  tests  of  the 
receiver  are  scheduled  to  begin  in  the  second  quarter 
of  that  year. 


Very-Low-Frequency  Propagation  (Navigation).  Stud¬ 
ies  were  conducted  by  NRL  during  1968  to  de¬ 
termine  the  effects  of  multimode  vlf  propagation 
on  the  accuracy  of  the  Omega  navigation  system. 


With  the  use  of  instrumented  naval  aircraft,  the 
phase  variations  were  determined  as  a  function  of 
distance  from  an  Omega  transmitter.  The  investiga¬ 
tions  showed  that  the  effects  of  multimode  propaga¬ 
tion  were  negligible  during  the  daytime,  but  that  they 
resulted  in  a  nonlinear  variation  of  phase  with  dis¬ 
tance  from  the  transmitter  at  nighttime.  These  data 
are  now  being  studied  so  that  a  model  can  be  de¬ 
veloped  to  compute  propagation  correction  factors 
necessary  for  the  operational  use  of  the  system. 

Very-Low-Frequency  Propagation  (Communications). 
NRL's  propagation  research  program  at  very  low 
frequencies  (vlf)  for  1968  has  been  devoted  to  a 
continuation  of  the  data-collection  effort  started  in 
1967  employing  special  transmissions  from  the  new 
vlf  transmitting  station  NWC  at  Northwest  Cape, 
Australia.  Phase  and  amplitude  information  was 
recorded  continuously  at  sites  in  Japan,  Madagascar. 
Bahrain  Island,  the  Philippine  Islands,  and  Alaska. 

The  information  collected  wilt  be  used  by  NRL  in 
a  statistical  analysis  to  be  performed  during  1969, 

This  analyris  will  permit  further  refinements  in  the 
vlf  communications  coverage  prediction  model. 

The  prediction  model  is  largely  empirical  and  is 
being  updated  continuously,  as  additional  data  on 
signal  field  strengths  received  in  various  geographic 
areas  is  made  available,  to  provide  the  high  confidence 
level  required  of  effective  coverage  predictions  for  use 
in  communication-systems  design.  A  computer  pro¬ 
gram  has  been  developed  by  which  worldwide  contour 
maps  of  vlf  communications  reliability  can  be  gen¬ 
erated  automatically  from  the  recorded  data.  29 
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An  Overview:  hy  James  H.  Sehulnuin,  Assoeiale  Direelor  of  Research  for  Materials 


The  sln/ciiircs  ami  praix'riics  of  a  raiif'c  of 
niatcriais.from  individual  pure  compounds  lo  complex 
apprepales  of  mailer,  are  obviously  ilie  principal 
research  inlerests  of  llie  divisions  and  special  lah- 
oralorics  which  comprise  the  materials  area.  Through 
an  understandinp  of  the  effects  of  siruclure  and 
composilion  on  properties,  the  NHL  researchers 
hope  to  learn  how  to  tailor-make  desirable  new 
materials  and  to  improve  the  mechanical,  electrical, 
magnetic,  optical,  and  thermal  behavior  of  existing 
lechnoloi’ically  important  materials. 

The  term  ‘‘materials,''  however,  does  not  encom¬ 
pass  the  complete  ranpe  of  interest  or  motivation  of 
the  area.  The  research  personnel  are  not  exclusively 
“materials"-oriented:  they  are  sironply  phenomenon- 
oriented  as  well.  For  example,  prowth  of  special  types 
of  crystals  is  motivated  hy  an  intensive  propram  of 
research  on  nonlinear  optical  phenomena  wherein 
these  crystals  are  used  for  frequency  multiplication 
of  laser  lipht.  Activity  in  nonlinear  optics,  in  turn, 
is  one  of  the  more  recent  aspects  of  NRL's  lonp 
history  of  investipations  of  Itiminescence  phenomena 
in  .solids,  which  paved  the  U'rty  for  the  Laboratory's 
earliest  researches  on  crystal  and  plass  lasers.  The 
concern  with  phenomena  has  carried  NRL's  materials 
scientists  and  enpineers  into  many  other  areas  not 
normally  connected  with  materials  research  per  se: 
for  example,  life  support  systems  in  closed  .spaces, 
such  as  submarines  and  the  SeaUth;  fire  suppression 
research;  research  on  the  mechanism  of  drop  reduc¬ 
tion  by  chemical  additions  to  liquids  in  turbulent 
flow;  nipht  viewinp  devices;  transient  radiation 
effects  in  electronically  active  solids;  and  devices 
and  systems  for  detectinp  eiectro-mapnetic  and 
corpuscular  radiation,  from  the  far  infrared  to  pamma 
rays  and  hiph  enrrpy  particles.  The  concern  with 
phenomena  as  well  as  materials  has  fostered  an 
interdisciplinary  approach,  albeit  one  which  is  based 
firmly  on  the  fundamental  disciplines  of  physics, 
chemistry,  and  metallurpy. 

At  the  heart  of  a  preat  deal  of  science  and  tech- 
nolopy  lie  the  problems  of  materials  preparation, 
analysis,  and  characterization.  The  allii.sion  is  an 
appropriate  one;  like  the  operation  of  the  heart, 
these  important  functions  are  often  taken  for  pranted 
and  sadly  neplected.  with  serious  consequences. 
The  NRL  materials  commttnity  is  well  aware  of  the 
vital  importance  of  dealinp  with  substances  havinp 
either  a  quantitatively  known  hiph  purity  or  a  pre¬ 
determined  impurity  "dopinp,"  as  well  us  known 
structures  at  the  molecular  and  microscopic  level. 

30  To  obtain  materials  of  this  type,  a  variety  of  pre¬ 


parative,  analytical,  and  characterization  facilities 
have  been  assembled  over  the  years  in  the  Chemistry, 
Metallurpy,  and  Solid  State  Divisions.  Expertise 
has  prown  in  special  method;  of  crystal  prowih. 
microchemical  methods,  and  compositional  and 
structural  amtlysis  hy  various  forms  of  spectroscopy. 
In  order  to  promote  the  prowth  of  these  facilities 
and  techniques  and  to  make  them  more  available  to 
the  entire  Laboratory,  a  Central  Materials  Research 
Staff  was  formed  durinp  the  past  year.  Besides 
undertakinp  to  perform  cooperative  research  in  crystal 
prowth  and  other  necessary  research  in  materiids, 
this  small  proup  will  initially  attempt  to  coordinate 
the  various  facilities  and  skills  that  exist  in  the 
materials  area  and  insure  their  maximum  utilization. 
Attention  to  these  basic  materials  problems  will 
very  likely  he  a  continuinp  and  ever-increasinp 
necessity  as  the  need  prows  for  purer,  larper,  and 
more  nearly  perfect  crystals  as  well  as  for  increased 
sensitivity  and  accuracy  in  trace-impurity  analysis 
and  in  the  determination  of  stoichiometry. 

The  past  year  .vrne  the  bepinninp  of  the  "decom¬ 
pression”  of  materials  area  research  personnel.  The 
move  hy  the  Space  Science  Division  into  its  new 
quarters  released  urpently  needed  laboratory  and 
office  space  to  the  Metallurpy  and  Solid  State  Divi¬ 
sions.  The  Laboratory's  prowinp  optics  effort, 
now  concentrated  principally  in  the  Solid  State 
Divi.sion,  benefited  particularly  from  this  lonp- 
awaited  development.  Without  question,  however, 
the  major  event  of  the  year  with  respect  to  laboratory 
facilities  was  the  pround-hreakinp  for  the  new 
chemistry  buildinp,  which  is  scheduled  for  comple¬ 
tion  in  mid- 1 970.  This  will  be  a  four-story  structure 
of  more  than  140.000  square  feet  pross  space  pro¬ 
vided  with  numerous  specially  desipned  features. 

Durinp  the  past  year,  materials  area  scientists 
were  involved  in  a  number  of  new  cooperative 
activities  of  special  interest.  One  of  these  is  the 
Mapnelic  Materials  Application  Forum,  which  brinps 
topether  scientists  and  enpineers  from  the  entire 
Laboratory  to  deal  with  current  problem.;  in  the  lipht 
of  recent  advances  in  fhe  field.  The  charter  of  this 
proup  is  similar  lo  those  of  the  NRL  Laser  Council 
and  the  Infrared  Council,  established  last  year  as 
advisory  staff's  to  the  Research  Directorate. 

I  he  l.aboratory  entered  into  a  new  relationship 
with  the  Center  for  Materials  Research  of  the  Univer¬ 
sity  (f  Maryland  in  i96H,  Under  a  Memorandum  <f 
U ndersttoidinp  sipned  in  the  late  summer,  encourape- 
ment  will  be  piven  to  cooperative  research  between 
the  two  institutions  ami  lo  direct  interaction  between 
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rcsfurrhcrs  aiid  the  University  fnnilly  and 
students.  This  is  the  hilesi  addititm  tn  the  many 
e.xisiinu  eldse  interaelions  —  hath  fonnal  a -id  in- 
j'nnnid  —  between  the  inateriids  area's  scientists  and 
/>raniinent  investiyatars  in  the  aeadeinie  world. 
Alonn  these  same  lines,  Metalhanty  Division  scien¬ 
tists  eontinned  their  leading  rob'  as  let  hiueal  directors 
(if  the  ARPA-sponsored  stress-eorrosion-eraekiii}; 
program  in  which  the  l.ahoratory's  resoarees  are 
eonpled  with  those  of  industrial  and  university  re¬ 
search  establishments.  The  .Solid  State  Division 
continued  as  the  key  element  in  a  similar  ARPA- 
sponsored  investiitation  of  the  relation  of  ydass 
slriieliire  and  composition  to  il.s  optical  properties, 
and  the  attempt  was  made  to  broaden  this  effort  to 
the  mechanical  properties  of  ydass  as  well.  In  I96S. 
the  Labonitory  also  renewed  its  luirtieipalion  in  a 
eonsortiam  with  the  Natiomd  Hureaii  of  Standards 
and  Naval  Ordnance  Laboratory  with  the  aim  of 
undertaking;  ntniiron-diffraelion  tind  neutron-scatter¬ 
ing  studies  of  solids  by  means  of  the  new  NRS  10- 
meftawatt  reactor. 

The  history  of  the  past  year  includes  the  ehantte  in 
leadership  of  two  divisions  —  Chemistry  and  Solid 
State.  A  select  ttroup,  the  Laboratory  for  Cheniieal 
Physics,  was  formed,  with  the  former  superintendent 
of  the  Chemistry  Division  servin.e  as  t  hief  scientist. 
It  is  i^ratifyin);  to  note  that  these  administrative 
ehanttes  were  effected  without  perturbation  of  the  hii;h 
research  output  of  the  materials  area,  and  it  is  be¬ 
lieved  that  the  proy’iain  modifications  now  under 
consideration  will  increase  the  productivity  demon¬ 
strated  dnrini;  the  past  year. 


Slrciim  of  fuel  passing  through  an  operating  fiberglass 
filter.  .Sketch  shows  modes  of  water  release  from  the  down¬ 
stream  face  of  the  filter  bed.  (A)  attached  balloon-shaped 
drop,  1..^0{)  microns;  (B)  released  drop.  400  microns:  (C)  re¬ 
leased  droplet  chain.  100  microns:  (D)  attached  growing 
drops.  2.‘'0  to  400  microns. 


CHEMISTRY 

Separation  of  Water  from  Fuels.  Water  is  a  critical 
contaminant  of  aircraft  fuels  because  it  is  responsible 
for  severtil  major  problems,  stich  as  corrosion,  micro- 
biologiciil  growth,  ttnd  icing.  Unfortunately,  water 
in  a  fuel  system  is  readily  emulsilied  by  the  action  of 
pumps  or  the  high-speed  flow  of  the  fuel  through 
pipelines,  and  these  small  droplets  of  emulsified 
water  settle  slowly  from  aircraft  fuels,  particularly 
JP-.'i,  the  jet  fuel  used  in  most  naval  ttircraft. 

The  tisuid  process  of  water  separation  is  by  passage 
of  the  fuel  through  a  fiberglass  filter.  During  the 
process,  the  small  water  droplets  coalesce  into  larger 
drops,  which  caw  then  settle  from  the  fuel  under  the 
influence  of  gnivity  or  be  stripped  from  the  fuel  by  a 
hydrophobic  screen.  The  performance  of  the  fiberglass 


filter  will  be  degraded  somewhat  by  the  presence  of 
surfactants,  occurring  naturally  or  as  additives,  in 
the  fuel. 

In  order  to  make  the  poorly  understood  problem 
of  water  separation  more  amenable  to  research,  NRL 
chemists  considered  separately  the  three  major 
processes  involved:  collection  of  emulsified  water 
drops,  passage  of  collected  water  through  the  fiber 
bed,  and  release  of  water  frpm  the  downstream  face 
of  the  fiber  bed. 

Computer  calculations  indicated  that  water  drops 
as  small  as  1  micron  in  diameter  could  be  readily 
collected  by  direct  interception.  This  was  verified 
experimentally  for  clean  fuels,  and,  in  keeping  with 
the  calculations,  small  fibers  were  found  to  be  superior 
for  this  process.  The  surfactants  did  not  markedly 
interfere  with  the  efficiency  of  the  collection  process. 
Further,  they  did  not  alter  the  wettability  of  the  31 
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fibers  nor  interfere  with  film  drainage  during  the 
attachment  stage  of  collection. 

Variation  of  the  fiber  bed  depth,  composition,  and 
packing  density  has  shown  that  surfactants  will 
alter  the  passage  of  collected  water  to  the  downstream 
face  of  the  bed.  For  instance,  with  a  standard  corro¬ 
sion  inhibitor  in  the  fuel,  water  passage  is  discon¬ 
tinuous  if  the  bed  is  too  deep.  In  such  a  case,  a  thread 
of  water  passing  through  the  bed  is  severed  and 
expelled  as  a  jet. 

A  continuous  thread  of  water  passing  through  a  fiber 
bed  will  attach  to  the  downstream  fiber  face  and  grow 
in  size  until  the  hyi’rodynamic  forces  overcome  the 
fuel-water  interfacia!  forces.  The  drop  size  may 
reach  1  or  2  millimeters  in  diameter.  In  the  presence 
of  a  surfactant,  the  released  drop  is  usually  smaller. 
Surfactants  also  encourage  a  direct  release  of  water 
that  does  not  attach  to  the  downstream  fiber  face. 
Frequently  it  takes  the  form  of  a  droplet  chain, 
resulting  from  Rayleigh  instability  of  the  water  jet. 
Such  chains  typically  consist  of  20  to  30  minute 
droplets  of  uniform  size.  These  droplets  .“^re  too 
small  to  be  settled  by  gravitational  forces  or  stripped 
by  screening. 

Research  to  date  has  thus  isolated  an  important 
mechanism  that  serves  as  a  deterrent  to  the  efficient 
separation  of  water  from  fuels:  surfactants  affect  the 
fuel-water  interfacial  properties  to  encourage  the 
release  of  water  by  jet  action  and  subsequent  Rayleigh 
instability.  This  novel  concept,  that  fuel-water  rather 
than  fiber -water  interfacia!  properties  are  significant, 
now  suggests  new  research  approaches  to  the  problem 
of  water  separation. 


The  Behavior  of  “Free  Molecules”  in  the  Atmosphere. 
Radon,  a  naturally  occurring  radionuclide  of  the 
series,  is  responsible  for  the  bulk  of  the  radioactivity 
of  the  atmosphere.  Radon  is  a  noble  or  rare  gas 
produced  by  radioactive  decay  of  radium  in  the  soil. 
It  diffuses  into  the  atmosphere,  where  it  develops 
an  equilibrium  mixture  of  its  own  decay  products, 
such  as  RaA  (“'•Po),  RaB  {*'^Pb),  and  RaC  {-“■‘Bi), 
which  are  radioactive  metals  with  half  lives  of  3.0, 
26.8  and  19.7  minutes,  respectively.  Because  of 
their  high  energies,  these  decay  products  are  con¬ 
verted  immediately  to  simple  molecules  containing 
oxygen  or  nitrogen.  These  are  called  "free  molecules” 
as  long  as  they  are  unattached.  Their  ultimate  fate 
is  determined  by  their  diffusion  and  attachment  to 
available  surfaces,  such  as  aerosol  particles  or  con- 
32  tainer  walls. 


As  might  be  surmised  from  their  small  size  and 
consequently  rapid  diffusion  rate,  these  free  molecules 
are  collected  with  extremely  high  efficiency,  even  by 
poor  fibrous  filters.  They  can  even  be  filtered  from  a 
moving  air  stream  by  a  simple  uncharged-metal  or 
plastic  screen.  This  high  preferential  collection 
efficiency  provides  the  means  of  distinguishing 
experimentally  between  the  radioactive  free  molecules 
and  those  attached  to  aerosol  particles. 

NRL  scientists  are  studying  free  molecule  behavior 
by  means  of  the  radon  descendants  mentioned  above. 
A  1.2-cubic-meter  aerosol  chamber  was  specially 
instrumented  for  this  purpose.  Results  have  shown 
that,  when  any  quantity  of  aerosol  is  present,  very 
few  free  molecules  remain  unattached;  but  when  the 
atmosphere  is  clean  and  undisturbed,  a  considerable 
concentration  of  free  molecules  can  exist.  When  the 
chamber  atmosphere  is  rigorously  cleaned  by  filtra¬ 
tion  and  radon  is  allowed  to  grow  into  equilibrium 
with  its  descendants,  appreciable  quantities  (25  to 
50  percent)  of  the  3-minute  RaA  free  molecules  can 
be  found,  whereas  the  longer-lived  descendants  have 
either  migrated  to  the  walls  or  become  attached  to 
aerosol  particles.  From  studies  efthis  type  it  should 
be  possible  to  obtain  a  direct  measure  of  the  rate  of 


An  NRL  chemist  removes  a  filter  from  a  specially  designed 
aerosol  chamber.  By  studying  the  “free  molecules"  that  have 
been  collected  (in  this  case,  the  decay  products  of  radon), 
the  .scientist  can  learn  a  lot  about  the  amount  and  behavior 
of  radioactive  particles  in  the  atmosphere. 
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difTusion  of  these  small  particles  (r  lolecular  weight 
of  about  250)  in  the  atmosphere.  Further,  these 
riidioactive  products  cati  be  used  to  tag  aerosols  of 
small  size  (below  the  limit  of  measurement  by  optical 
means)  for  use  in  studying  filtration  mechanisms  and 
evaluating  filter  media. 

Fire-Retardant  Print  System  for  Ship  Interiors.  In 
1958,  NRL  scientists  determined  that  contamina¬ 
tion  of  nuclear  submarine  atmospheres  by  hydrocar¬ 
bons  was  largely  attributable  ’.o  the  organic  solvents 
contained  in  oil-based  paints  that  had  been  applied 
during  construction,  mainteiiance,  or  routine  oper¬ 
ation  of  the  ships.  To  reduoe  this  potential  hazard, 
an  acrylic  latex  paint  was  developed  at  NRL  that 
could  be  iipplicd  during  Tnaintenance  periods  or, 
when  necessary,  during  submergence  if  suitable 
precautions  were  followed.  This  paint  was  never 
formally  adopted  for  Navy  use  because  it  lacked 
the  equally  desirable  property  of  being  fire  retardant. 
Three  proprietary,  fire-retardant,  latex  paints  were 
subsequently  approved  for  submarines,  but  none  of 
them  contained  all  the  I'ropcrties  considered  neces¬ 
sary  for  their  widespread  use. 

As  a  result  of  subsef|Uent  NRL  research,  a  tech¬ 
nique  has  been  developed  for  rendering  a  combus¬ 
tible  paint  lire-retardant.  This  is  achieved  by  use  of 
a  thin  flame -quenching  undercoat  in  combination  with 
the  regular  decorative  topcoat.  The  fire-retardant 
undercoat  is  a  water- based  material  containing  high 
proportions  of  chloiinated  paraffin  and  antimony 
oxide  which  interact  under  the  influence  of  heat  to 
produce  a  powerful  flame-quenching  intermediate. 

The  primary  purpose  in  using  fire  retardants  only  in 
the  undercoat  was  to  avoid  detraction  from  the  ap- 
pciiiiuice  of  the  to.icoat,  A  further  benefit  is  that 
fire-retardant  additives  are  more  effective  when  con¬ 
centrated  in  the  undercoat  than  when  dispersed 
throughout  the  whole  coating  system. 

This  particular  p,iint  system,  a  fire-retardant  under¬ 
coat  and  a  decorauve  topcoat,  is  intended  for  appli¬ 
cation  to  noncorubustible  surfaces,  such  as  bulk¬ 
heads  and  nonflammable  plastic-foam  insulation.  The 
coaling  system  v.ill  burn  under  the  influence  of  an 
extraneous  flame,  but  it  will  immediately  self-ex- 
tinguish  when  tho  ignition  source  is  removed  or  when 
the  portion  of  paint  directly  exposed  to  the  fire  is 
consumed. 

The  water-based  paints  were  not  developed  as 
replacements  for  the  fire-retardant  oil-based  paints 
normally  used  in  locations  where  adequate  ventila- 
titm  is  .available  for  months  after  their  application. 


although  the  two-coat  approach  to  fire  retardancy  is 
applicable  to  any  paint  system.  They  are  intended 
for  use  in  situations  where  the  prevention  of  toxicity 
and  fire  hazards  during  their  application  in  an  enclosed 
space  is  paramount. 

Inhibition  of  Corrosion  in  Navy  Boilers.  Problems  in 
boiler  corrosion  have  been  under  investigation  at  NRL 
through  a  variety  of  approaches.  A  long-term  study 
of  corrosion  in  Navy  steam  boilers  has  experimentally 
and  theoretically  explained  the  formation,  in  alkaline 
media,  of  protective  oxide  films  on  the  inner  surface 
of  these  high-pressure  vessels.  The  basic  reaction 
involved  in  the  formation  of  the  protective  film  has 
been  determined  to  be: 

3  Fe  -b  4  H  jO  -►  FenO^  (magnetite)  -t-  4  Hj. 

Unfortunately,  localized  concentrations  of  the  alkaline 
solution  can  cause  a  breakdown  in  the  protective  film, 
permitting  attack  by  the  solution  on  the  steel  sub¬ 
strate  in  the  form  of  pitting.  Because  the  pits  are 
potential  sites  for  crack  initiation,  the  chief  concern 
in  this  study  has  been  the  prevention  of  catastrophic 
cracking  of  the  vessel  wall.  Thus,  the  NRL  efforts 
are  directed  toward  a  better  understanding  of  corro¬ 
sion  reactions,  including  their  effect  on  the  forma¬ 
tion,  stabilization,  and  breakdown  of  protective  films. 

Earlier  NRL  research  had  demonstrated  that 
lithium  hydroxide  (LiOH)  is  superior  to  NaOH  as 
the  alkaline  m.edium.  A  cooperative  pilot  study  on 
LiOH  is  now  under  way  in  a  full-scale  boiler  at  the 
Navy  Ship  Research  Development  Center  (Annapo¬ 
lis  Division). 

More  recently,  radiochemical  measurements  were 
made  involving  osmotic  pressure  and  the  transport 
of  helium  and  other  gases  through  oxide  films.  The 
results  demonstrated  that  magnetite  films  grown  in 
15-percent  NaOH  were  parous  to  water.  This  finding 
verified  a  proposed  mechanism  for  the  film  growth: 
the  consumption  of  water  by  seepage  through  the 
film  to  the  metal  surface  and  by  reaction  with  the  iron 
increases  localized  concentration  of  the  alkali  and 
leads  to  subsequent  pitting. 

One  important  question  in  the  study  of  film  forma¬ 
tion  has  been  whether  the  hydrogen  is  generated  at 
the  metal-oxide  interface  or  toward  the  water-oxide 
interface.  Previously  it  was  believed  that  if  the  hy¬ 
drogen  were  formed  at  the  iron-oxide  interface  it 
would  pass  through  the  iron  more  readily  than  if  it 
were  formed  toward  the  water  phase  To  resolve  this 
question,  a  “window"  (to  hydrogen)  of  silver-pal¬ 
ladium  alloy  was  placed  in  one  end  of  an  iron-tube  33 
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capsule,  and  measurements  of  hydrogen  permeation 
were  made  at  two  locations  — the  silver-palladium 
window  and  the  tube  wall.  From  the  application  of 
hydrogen  pressure  alternately  to  the  outside  of  the 
tube  wall  and  to  the  outside  of  the  window,  it  was 
possible  to  determine  the  ease  with  which  hydrogen 
permeated  the  oxide  film  and  »he  metal  wall.  The 
path  of  hydrogen  escape  during  corrosion  could 
then  be  interpreted  in  terms  of  the  location  of  the 
reaction  and  the  rate  at  which  hydrogen  could  pass 
through  the  corrosion  film. 

Several  important  findings  resulted  from  these 
studies  of  hydrogen  evolution: 

•  A  magnetite  film  is  porous  to  hydrogen  gas. 

•  In  dilute  solutions,  hydrogen  is  evolved  at  the 
metal  surface,  either  at  the  bottoms  of  pores  or  close 
to  the  surface  at  pore  walls,  and  passes  directly 
through  the  oxide  and  the  metal  in  atomic  form. 

•  Increased  concentration  of  hydroxyl  ions  is 
produced  in  pores  by  the  cathodic  reactions  on 
pore  walls. 

•  The  porosity  of  a  film  grown  in  an  alkaline  solu¬ 
tion  increases  with  alkalinity. 

Recent  electron  microscopy  studies  at  NRL  have 
shown  that  the  growth  behavior  of  protective  oxide 
films  on  mild  steel  in  hot  (300‘’C)  alkaline  solutions 
follows  the  pattern  of  formation  of  ‘'acti\e”  and 
‘■passive’’  oxide  films  in  water  solutions  at  room 
temperature.  The  establishment  of  this  relationship! 
is  important  because,  in  addition  to  providing  ex¬ 
perimental  confirmation  of  a  crucial  passivity  postu¬ 
late,  it  puts  boiler  corrosion  studies,  for  the  first 
time,  squarely  into  the  framework  of  electrochemical 
corrosion  theory.  This  knowledge  should  in  turn 
lead  to  the  evaluation  of  boiler  water  additives  in 
terms  of  specific  rather  th.'m  general  effects. 


Results  of  another  NRL  investigation  suggested 
the  use  of  cthylencdinitrilotctraacctic  acid  (EDTA) 
as  a  chelating  (metal-ion  binding)  agent  to  prevent 
scale  formation  in  a  LiOH  solution.  Subsequently, 
nuclear  magnetic  resonance  spectroscopy  was  used 
to  study  thermal  decomposition  of  organic  chelating 
agents  in  aqueous  solutions  heated  to  lOO^C.  EDTA 
was  found  to  decompose  rapidly  by  second-order 
kinetics  at  a  rate  dependent  on  the  pH  of  the  solution. 
The  mechanism  of  decomposition  suggested  that  some 
of  the  decomposition  products  themselves  were  good 
chelating  agents.  There  were  also  indications  that 
other  chelating  agents  might  be  more  thcn.mlly 
stable  than  EDT  A.  One  such  substance,  commercially 
available  nitrilotriacetic  acid,  has  been  laboratory 
tested  and  proposed  for  boiler  evaluation  at  the  Navy 
Ship  Research  and  Development  Center  (Annapolis). 
Other  chelating  agents  are  being  investigated. 

Chemical  Reactivity  of  Pristine  Glass.  A  pristine 
(bare)  glass  surface  is  a  great  deal  more  chemically 
reactive  under  ambient  conditions  than  is  generally 
recognized.  The  chemical  properties  of  glass,  as  well 
as  its  mechanical  and  physical  properties,  can  limit 
the  practical  applications  of  this  versatile  material. 
Fundamental  research  in  progress  at  NRL  is  directed 
toward  the  prime  reactions  of  gas  molecules  including 
water  vapor,  with  the  glass  surface. 

The  experiments  are  conducted  with  very  long, 
thin,  glass  fibers  which  provide  maximum  surface 
area  for  study.  The  fiber  is  drawn  under  precisely 
controlled  conditions  from  a  uniform  glass  melt  onto 
a  rotating  metal  drum.  A  suitable  length  of  glass  fiber 
(100-150  miles)  of  constant  diameter  (~8  microns) 
is  obtained  in  about  30  minutes.  The  fiber  sample 
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Electron  micrographs  of  an  iron  oxide 
film  grown  on  low-carbon  steel  in  lithium 
hydroxide  (pH  II)  at  .tO()°C.  Here  an 
“active"  film  is  being  displaced  by  a 
“passive"  one.  In  the  right-hand  pic¬ 
ture,  transfonnation  is  almost  complete: 
two  small  remaining  areas  of  “active" 
oxide  arc  indicated  by  arrows.  'I'lic  dark 
crystals  rest  on  the  upper  surface  of  the 
“passive"  film  and  presumably  grow  by 
precipitation  from  solution. 
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is  immediately  transferred  from  the  drum  to  an 
evaciiiible  eyiindrieal  container  for  gas  adsorption 
studies. 

The  sample's  initial  area  can  be  calculated  from  its 
known  length,  weight,  and  density.  Its  surface  area 
can  also  be  determined  from  the  amount  of  physical 
adsorption  of  nitrogen  or  krypton  ^as  at  low  temperti- 
turc  (77°K),  By  this  technique  it  is  possible  to  measure 
surface  area  changes  resulting  from  various  treat¬ 
ments  and  to  infer  the  chemical  causes  of  such 
changes. 

TypicitI  results  for  a  borosilicate  glass  (E-glass) 
commonly  used  in  glass-reinforced  plastics  arc  as 
follows; 


I'reatineut 

Area 

(cin-l^ruiH) 

Pristine  E-glass  fiber 

2,450 

Vacuum,  72  hours,  2()()°C 

2,440 

Water  vapor,  90-15()°C 

1,970 

Liquid  water.  1  hour 

3.400 

3N  HCI.  I  hour,  ()T 

6,200 

After  a  three-day  treatment  in  vacuum  at  20()°C 
produced  no  chiingc.  it  was  found  thtit  a  treatme:;'  of 
less  than  one  day  in  water  vapor  at  a  lower  tempera¬ 
ture  resulted  in  a  20-percent  decrease  in  area.  A 
possible  explanation  that  water  vapor  catalyzes  an 
unusutdiy  low-temperature  sintering  (sticking  to¬ 
gether)  of  touching  fibers  is  being  investigated.  The 
substantial  increases  in  surface  area  observed  after 
an  hour's  treatment  in  water  and  in  hydrochloric 
acid  provide  a  quantitative  determination  of  the  sur¬ 
face  reactions  which  are  permanently  changing  the 
surface  composition  of  the  ghiss.  After  treatment  with 
liquid  water,  the  evacuated  and  outgassed  glass  sur¬ 
face  itdsorbed  significantly  more  water  vapor  per  unit 
than  did  the  pristine  glass.  This  behavior  is  compatible 
with  the  presence  of  neighboring  Si-OH  groups  in  the 
eroded  surface. 

Water  vapor  adsorption  on  pristine  E-glass  fiber 
occurs  very  rapidly  and  continues  in  measurable 
amounts  over  long  time  periods  (days).  Despite  its 
smaller  cross-sectional  arcti.  the  water  molecule 
appears  to  occupy  about  the  same  number  of  surface 
sites  as  do  the  inert  atoms  of  krypton.  The  adsorption 
measurements  with  krypton  or  nitrogen  actually  give 
the  monoliiyer  coverage.  In  order  to  calculate  surface 
area  it  is  necessary  to  postulate  a  cross-sectional 
area  for  the  adsorbed  molecule.  However,  when  com¬ 
bined  with  tlie  initially  known  geometrical  area  of 
pristine  glass  fiber  and  the  assumption  of  a  surface 


roughness  factor  of  one,  the  adsorbed  monolayer 
coverage  yields  an  independent  value  for  the  area 
of  the  adsorbed  molecule  on  glass.  This  is  a  funda¬ 
mental  quantity  which  has  been  long  sought  in  surface 
experiments  with  particular  glasses. 

These  metisurements  with  pristine  E-glass  are  a 
necessary  preliminary  to  the  main  objective  of  the 
current  research,  i.e..  to  determine  the  effectiveness 
of  various  organic  polymer  barriers  to  water.  Such 
bairiers  are  crucially  important  in  the  performance 
of  glass-fiber-reinforced  plastics  that  are  candidate 
materials  for  deep-sea  submergent  structures. 

Mass  Speetrometric  Studies  of  Cobalt  Carbonyl  Com¬ 
pounds.  A  joint  research  project  between  the  Naval 
Research  Laboratorv  and  the  University  of  Pennsyl¬ 
vania  has  produced  the  first  measurement  of  the 
cobalt-hydrogen  bond  energy.  The  nature  of  the 
cobalt-hydrogen  and  other  cobalt  bonds,  such  as  the 
Co-C  and  Co-P.  has  great  importance  both  in  bio¬ 
logical  systems  (vitamin  Bii)  and  in  the  catalytic 
cracking  of  hydrocarbons.  A  mass  spectral  study  has 
been  carried  out  on  the  scries  of  cobalt  compounds 
(HCo(CO)j.(PF:!)4-j-.  where  .v  =  0  to  4.  These  studies 
included,  for  ctich  compound,  measurement  of  the 
fragmentation  patterns  (a  plot  of  mass-to-charge 
of  the  various  ions  versus  ion  current  intensity  — a 
"fingerprint"  of  the  individual  molecule)  and  appear¬ 
ance  potentials  (variation  of  any  ion  current  versus 
the  energy  of  the  ionizing  electrons).  The  results 
showed  that  the  Co-C  and  the  Co-P  covalent  bond 
energies  in  these  compounds  are  essentially  identical 
(56  ±  15  kilocalories  per  mole)  and  are  much  stronger 
than  the  Co-H  bond  energy  (4  ±  15  kcal/mole).  The 
heats  of  formation  of  these  compounds,  calculated 
from  appearance  potential  data,  become  more  negative 
by  approximately  200  kcal/mole  for  each  CO  that  is 
replaced  by  PF.i.  Since  this  change  is  the  difference 
between  the  heats  of  formation  (AH/)  of  PF.-,  and  CO, 
the  nature  of  the  covalent  Co-C  and  C-P  bonds  in 
these  compounds  must  be  quite  similar.  The  values 
for  AH°/[HCo(CO)APF,-,).-4-]  are -173  ±  II  ; -381 
±  9;  -579  ±  10;  -783  ±  9;  and  -978  ±  14  kcal/mole 
for  X  =  4  to  0,  respectively. 

In  the  fragmentation  pattern  of  these  cobalt  hy¬ 
drides,  it  is  possible  to  compare  the  abundances  of 
the  hydrogen-contiiining  ions  with  those  which  have 
lost  a  hydrogen  iilom;  that  is,  the  relative  timouiUs 
of  HCoL„^  to  CoLi,\  where  represents  a  total  of 
from  0  to  4  molecules  of  CO  and  PF:,  in  any  combina¬ 
tion.  The  results  show  that  ions  containing  Co-H 
bonds  are  more  abundant  until  two  or  more  of  the  35 


MATERIALS 


covalently  bonded  molecules  (CO  or  PF3)  tu'e  lost 
from  the  ionized  molecules.  This  type  of  fragmentation 
can  be  explained  by  an  intramolecular  interaction 
between  the  equatorial  molecules  (CO  or  PF,)  and 
the  axial  hydrogen  atom  in  the  trigonal  bipyramid 
structure.  Such  an  interaction  has  been  suggested 
previously  to  explain  the  infrared  spectra  of  these 
hydrides.  Thus  the  mass  spectral  fragmentation 
pattern  data  of  these  compounds  provide  strong  sup¬ 
port  for  a  distorted  trigonal  bipyramid  for  the  structure 
of  all  of  the  trifluorophosphine  carbonyl  cobalt  hy¬ 
drides  where  the  equatorial  molecules  are  bent 
toward  the  axial  hydrogen  atom. 
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Molecular  model  of  HCo(CO)4.  Intra¬ 
molecular  interactions  between  the  axial 
hydrogen  atom  and  the  eqatorial  carbon 
monoxide  molecules  in  HCo(CO)4  are 
shown  by  the  dashed  lines.  These  inter¬ 
actions.  accounting  for  observed  infrared 
properties,  can  be  deduced  from  mass 
spectral  fragmentation  studies. 

Advances  in  Electrochemical  Research.  Many  Navy 
needs  for  isolated  electric  power  sources  could  best 
be  met  with  electrochemical  systems.  Such  systems 
would  continuously  convert  chemical  energy  directly 
into  electricity  — cleanly,  quietly,  and  economically  — 
to  power  submarines  and  deep  submersibles.  They 
would  also  find  wide  use  in  many  other  applications 
where  isolated  power  sources  are  required. 

The  inherent  disadvantage  of  electrochemical 
36  sources  of  power,  such  as  storage  batteries  and 


fuel  cells,  is  their  low  energy  output  per  unit  weight 
and  volume.  Consequently,  one  of  the  oldest  research 
programs  at  NRL  is  a  continuous  search  for  methods 
and  materials  that  will  lead  to  systems  of  minimum 
weight  and  maximum  efficiency. 

One  of  the  primary  problems  to  be  solved  is  an 
understanding  of  the  catalytic  processes  involved 
in  electrode  reactions.  The  specific  aim  is  the  develop¬ 
ment  of  electroties  on  which  fuels  and  oxygen  can 
readily  and  continuously  react  in  order  that  the  cell 
can  have  a  reliable  high-power  output  over  long 
periods  of  time. 

Anodic  Organic  Reactions.  Since  formic  acid  is 
the  simplest  organic  molecu.le  (requiring  the  fewest 
electron  transfer  steps  for  complete  oxidation) 
usable  for  fuel  cell  technology,  knowledge  concerning 
the  reaction  of  formic  acid  at  platinum  electrodes  is 
of  particular  importance  in  understanding  the  proc¬ 
esses  involved  in  anodic  organic  reactions.  Three 
basic  processes  that  occur  at  a  platinum  electrode 
in  formic  acid  or  formate  solutions  have  been  investi¬ 
gated  at  NRL;  the  reaction  of  chemisorbed  oxygen 
atoms  with  hydrogen,  formate  species,  or  both;  the 
formation  of  hydrogen  atoms  on  the  platinum  surface 
derived  from  formic  acid,  formates,  and  hydrogen 
molecules;  and  the  removal  of  these  hydrogen  atoms 
and  their  replacement  on  the  surface  by  formate 
derivatives.  This  work  has  led  to  several  important 
generalizations  concerning  low-temperature  anodic 
reactions  on  suitable  catalytic  electrode  materials 
in  aqueous  fuel  cells. 

•  Atomic  hydrogen  is  an  excellent,  and  quite  pos¬ 
sibly  the  ideal,  fuel  for  operation  of  a  fuel  cell  anode 
at  low  polarization. 

•  Formic  acid  and  formates,  and  possibly  other 
organic  fuels,  can  supply  atomic  hydrogen  on  clean 
platinum  surfaces  as  fast  as,  or  even  faster  than, 
molecular  hydrogen. 

•  Dissociation  of  formates  and  other  organic  fuels 
to  atomic  hydrogen  and  free  radicals  is  retarded  by 
the  adsorption  of  residues,  which  most  likely  are 
reaction  products  caused  by  the  interaction  of  the 
free  radicals  with  the  electrv/de  surface  and  with 
each  other. 

•  Sulfuric  acid  and  molecular  hydrogen  retard  the 
formation  of  residues  on  the  electrode  surface  that 
hinder  dehydrogenation  reaction.  Thus  one  critical 
fuel-electrode  problem  appears  to  be  finding  a  method 
of  preventing  the  formation  of  organic  residues  on 
the  electrode. 

Behavior  of  Iron  Electrodes.  Another  electro¬ 
chemical  approach  at  NRL  is  the  study  of  electrode 
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reactions  in  high-purity,  closed  alkaline  systems. 
High-purity  iron  has  been  employed  as  an  electrode 
in  sodium  and  lithium  hydroxide  solutions  saturated 
with  helium.  The  current  passing  over  the  electrode 
as  a  function  of  different  increments  of  voltage  was 
measured  with  a  potentiostat,  and  the  resulting  data 
points  were  plotted  to  yield  potentiostatic-polarization 
curves.  In  this  system,  the  level  of  reactable  impurities 
was  reduced  to  about  10'"  parts  per  million,  and  the 
iron  showed  neither  significant  corrosion  nor  passive- 
type  behavior.  Depending  on  the  potential,  the 
primary  reactions  were  the  oxidation  or  reduction  of 
hydroxyl  ion  and  water.  Iron  was  shown  to  act  much 
like  an  inert  noble  metal,  such  as  platinum,  yet  it  is 
an  excellent  catalyst  for  the  electrochemical  oxida¬ 
tion  of  hydrogen  and,  in  this  respect,  is  superior  to 
platinum. 

To  determine  specific  effects  of  impurities  on  the 
electrochemical  behavior  of  iron,  minute  quantities 
of  chloride  ion  were  added  to  the  solution.  This  com¬ 
pletely  changed  the  potentiostatic  polarization  rela¬ 
tion,  causing  extensive  iron  corosion  and  resulting 
in  passive-type  behavior.  The  catalytic  properties 
of  the  iron  electrode  for  the  hydrogen  oxidation  reac¬ 
tion  were  virtually  destroyed  and  were  not  restored 
until  the  system  was  returned  to  its  original  high- 
purity  condition.  These  overall  results  have  en¬ 
couraged  a  continued  study  of  high-purity  iron  as  a 
possible  fuel  cell  electrode. 

Electrode  Morphology.  Important  electrochemical 
surface  phenomena  are  involved  in  high-energy- 
densi  y  cells,  such  as  the  silver-zinc  cell,  which  are 
used  in  a  number  of  military  applications  because  they 
can  deliver  their  energy  at  relatively  .  igh  rates. 
Such  cells  actuall>  operate  at  power  levels  con¬ 
siderably  below  their  theoretical  capabilities;  thus 
the  conditions  which  influence  their  performance  has 
become  the  basis  of  a  continuing  investigation  at 
NRL.  It  has  been  shown  previously  that  one  of  the 
perplexing  problems  of  the  silver-zinc  cell  was  the 
wide  variation  in  the  amount  of  electrical  energy 
which  could  either  be  delivered  to  the  cell  or  with¬ 
drawn  from  it.  apparently  dependent  on  the  previous 
operational  history  of  the  cell.  It  was  suspected 
further  that  the  variation  in  energy  was  directly 
related  to  changes  taking  place  in  the  electrode 
morphology  during  various  operational  modes. 
Consequently,  a  microscope  technique  was  developed 
to  study  the  morphological  changes  taking  place  in 
the  silver  electrode  at  various  intervals  during  its 
charge-discharge  cycling. 


Micro.scopic  examinations  revealed  that  crystal  size 
and  shape  (hence  available  reactive  surface  area) 
varied  over  a  wide  range  that  was  dependent  upon 
the  method  of  charging  or  discharging.  With  most 
operating  methods,  the  individual  crystals  tended  to 
increase  in  size  and  decrease  in  number  in  proportion 
to  the  number  of  operational  cycles.  It  was  also 
discovered  that  crystal  formation  sometimes  blocked 
the  entrances  of  interior  pores,  which  resulted  in 
undesirable  reduced  interior  porosity  in  the  electrode. 

With  the  importance  of  eleclrolytically  developed 
crystal  morphology  during  both  oxidation  and  reduc¬ 
tion  of  an  electrode  clearly  demonstrated,  it  becomes 
possible  to  estimate  the  total  surface  actually  available 
for  reaction,  identify  that  portion  of  the  reactive 
substance  which  is  taking  part  in  the  reaction,  and 
determine  why  certain  portions  do  not  react.  Further¬ 
more,  it  is  expected  that  continued  study  of  such 
phenomena  will  suggest  means  of  increasing  the  total 
reactive  surface  of  the  electrode,  thus  increasing 
both  the  total  quantity  of  available  energy  and  the 
rate  at  which  it  can  be  delivered.  These  objectives 
will  be  achieved  throug!,  improvements  in  operational 
methods  and  control  of  crystal  morphology. 


Unambiguous  Assignment  of  Spin-Coupling  Parameters. 

The  nuclear  magnetic  resona.tce  (NMR)  spectrum 
of  a  typical  organic  molecule  consists  of  an  array 
of  lines  whose  positions  and  intensities  are  exactly 
definable  in  terms  of  two  parameters:  chemical 
shifts  (6's),  which  number  the  chemically  different 
nuclear  environments  within  the  molecule,  and  nu¬ 
clear  spin-spin  coupling  constants  (J's)  which  arise 
from  the  coupling  of  nuclear  spin  energy  levels 
through  the  bonding  electrons.  The  6's  are  propor¬ 
tional  to  the  strength  of  the  applied  magnetic  field, 
whereas  the  J's  are  completely  independent;  thus  the 
larger  the  6-to-J  ratio,  the  less  do  8  and  J  interact, 
and  hence  the  simpler  is  the  resulting  spectrum. 

Knowledge  of  J's  is  of  theoretical  importance  in 
the  testing  and  formulation  of  theories  of  electronic 
and  molecular  structure  and  of  practical  importance 
in  the  construction  of  correlations  from  which  the 
structures  of  new  compounds  may  be  elucidated. 

In  many  cases,  however,  especially  for  fluorine  com¬ 
pounds,  the  degree  of  mixing  between  6's  and  J's 
is  so  small  that  it  is  not  possible  to  determine  the 
signs  and  value  assignments  of  J's  from  high-field 
NMR  spectra.  This  is  true,  even  though  NMR 
instrumentation  has  been  moving  toward  the  use  of 
higher-strength  magnetic  fields  (above  10  kilogauss),  37 
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An  NRL  scientist  records  a  nuclciir  magnetic  resonance 
spcc'.rum  of  an  organic  molecule.  Such  spectra  reveal  the 
chemical  shifts  and  nuclear-spin  coupling  constants  of  the 
molecule,  from  which  the  structure  of  many  new  compounds 
may  be  determined. 


which  simplify  the  spectra  tind  improve  the  signal- 
to-noise  ratio. 

A  technique  has  been  devised  at  NRL  for  routinely 
obtaining  high-quality  proton  and  (luofine  NMR 
spectra  at  low  fields  ( 1 .5  kilogauss).  where  the  fi's 
and  J’s  are  of  comparable  magnitude  tind  a  maximum 
of  interaction  (Kcurs.  Computer  antilysis  of  the  low- 
field  spectra  (a  joint  effort  of  NRL  and  the  Food  and 
Drug  Administration)  yields  untimbiguously  the  signs 
and  value  assignments  of  J's.  The  technique  is  being 
applied  to  a  viiriety  of  molecules  for  which  the  high- 
field  NMR  spectra  do  not  allow  extraction  of  this 
information. 


METALLURGY 

Rate  Spectrum  in  Cleavage  Fracture.  Proper  plastic¬ 
ity  models  of  fracturing  processes  have  long  been 
sought  by  many  research  investigators.  Among  many 
possibilities  is  the  concept  that  fracture  may  be  con¬ 
trolled  by  local  tensile  plastic  instability  within  the 
plastic  zone  around  a  crack  tip.  This  general  idea 
was  fashioned  at  NRL  into  a  quantitative  theory 
which  provided  a  consistent  interpretation  of  experi¬ 
mental  correlations  between  the  plane  strain  fracture 
toughness  (K/^)  and  plastic  Dow  properties  of  the  bulk 
material.  The  best  initial  correlations  were  obtained 
on  a  mild  steel  ship  plate,  a  material  of  complex  strain 
rate  and  temperature  sensitivity.  The  strain  hardening 
38  exponent  (r),  which  is  directly  related  to  the  strain 


necessary  ..  produce  tensile  instability,  was  found  to 
correlate  directly  with  Kj,.,  The  theory  coupled  the 
two  with  a  simple  size  parameter  (dr),  taken  to  be 
the  diameter  of  ligamcntal  bars  envisioned  as  ticing 
together  the  throal  of  the  crack.  In  this  model,  cnick 
instability  occurs  when  these  ligaments  tire  .stretched 
to  the  verge  of  tensile  instability  (necking),  after 
which  their  rupture  is  inevitable.  The  larger  these 
ligameniiil  bars,  the  greater  the  stress  and  elo.sely 
coupled  strain  field  of  the  crack  (i.e.,  the  Kir  level) 
required  to  bring  the  entire  cell  to  instability  and 
propagate  the  crack. 

The  existence  of  dr  cells  was  corroborated  else¬ 
where  by  direct  observation  of  sulfide-inclusion- 
nucleated  tear  dimples  on  fracture  surfaces  of  a  high- 
strength  steel;  these  were  interpreted  as  broken 
ligament  residue.  Stronger,  indirect  evidence  sup¬ 
porting  the  model  was  found  in  another  investigation 
of  mild  steel  where  a  most  distinctive  pattern  in  both 
K/r  and  critical  strain  (Er)  values  as  a  function  of 
strain  rate  was  found  and  matched.  This  pattern 
appeared  at  harmonic  intervals  of  strain  rate,  sug¬ 
gestive  of  a  lattice  resonance  effect.  By  analogy 
with  optical  spectra,  it  was  called  a  “rate  spectrum.” 

With  the  small  fracture  specimens  used  in  this 
study,  the  rate  spectrum  could  be  observed  only  at 
low  temperatures.  The  Atomic  Energy  Commission, 
concerned  for  the  safety  of  heavy-walled  nuclear 
reactor  pressure  vessels,  has  sponsored  fracture 
toughness  tests  on  much  larger  specimens.  When 
the  data  for  these  large  specimens  were  analyzed  at 
NRL,  two  important  results  were  obtained.  First, 
the  room-temperature  fracture  toughness,  as  mea¬ 
sured  directly,  was  indeed  correctly  anticipated  by 
predictions  of  the  dr  instability  model.  Second,  and 
even  more  remarkable,  the  rate  spectrum  now  ap¬ 
peared  in  room-temperature  fracture  and  was  identical 
in  every  respect  with  that  previously  discovered  at 
low  temperatures.  The  ^variations  of  K;,.  with  strain 
rate  are  so  precipitous  and  so  large  that  they  dominate 
the  fracture  toughness  behavior.  Indeed,  they  may 
be  the  key  to  safe  use  of  mild  steels  in  heavy  sections. 
The  basis  for  this  phenomenon  is  a  subject  of  great 
interest  for  both  engineering  and  basic  scientific 
aspects. 

Stress-Corrosion  Cracking  of  High-Strength  Steels. 
The  cracking  of  high-strength  steels  because  of  the 
simultaneous  action  of  stress  and  a  corrosive  environ¬ 
ment  (such  as  seawater  or  atmospheric  moisture) 
remains  a  major  barrier  to  the  more  widespread  use 
of  these  materials.  This  stress-corrosion  cracking 
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process  has  long  been  consideretl  to  occur  by  eilhcr 
of  two  mechanisms;  (he  dissoliilion  of  melal  ai  (he 
lip  of  (he  advancing  crack,  or  the  reduction  oChydro- 
gen  by  the  gcncrtil  corrosion  retictiori  tind  the  re¬ 
distribution  of  this  hydrogen  in  tidvtincc  of  the 
growing  crack.  All  attempts  to  analyze  the  chemical 
processes  involved  have  been  thwarted  by  three 
factors;  the  amount  of  corrodent  within  the  growing 
stress-corrosion  crack  is  exceedingly  small:  the 
chemical  processes  of  greatest  interest  are  those 
occurring  deep  within  the  crack;  and  (he  crack,  having 
reactive  walls,  would  be  expected  to  act  as  a  “chroma¬ 
tography  column,"  sorting  ions  in  some  fashion  so 
that  the  composition  of  the  corrodent  at  the  zone  of 
most  interest  would  differ  from  that  near  the  mouth 
of  the  crack. 

A  techinque  has  been  developed  in  which  a  prop¬ 
agating  stress-corrosion  crack  is  frozen  by  immersing 
the  specimen  in  liquid  nitrogen.  This  freezing  prevents 
further  chemical  reaction  and  ensures  that  most  of  the 
corrodent  stays  in  place  when  the  crack  is  later 
broken  open  to  expose  its  still-frozen  stress-corrosion 
crack  surfaces.  The  specimen  is  then  thawed,  and 
the  corrodent  is  analyzed  immediately  for  pH  and 
specific  metallic  ions  in  solution  by  pressing  upon 
the  fracture  surfaces  filter  papers  containing  various 
pH  and  metal  ion  indicators.  Knowing  the  values  of 
both  the  pH  at  the  growing-crack  tip  and  the  electro¬ 
chemical  potential  enab'es  one  to  use  the  Pourbaix 
method  of  analyzing  corrosion  behavior. 

Data  have  been  obtained  for  1 1  alloy  steels  rep¬ 
resenting  a  wide  range  of  metal  compositions  and 
stress-corrosion  cracking  resistances.  For  all  (he 
metals  analyzed,  the  bulk  corrodent  was  neutral 
(pH  =  7)  sodium  chloride  solution,  but  the  pH  of 


hydrogen  reduction  line,  shttuld  prevent  stress- 
corrosion  crack  propiigation.  This  concept  was  tested 
by  ailding  soilitim  ticelate  to  the  corrodent,  'f'hc 
presence  of  the  ticeliite  mainliiined  the  pH  at  8 
(above  the  hydrogen  reduction  line),  and  crticking  did 
not  occur.  When  the  potential  was  depressed  to  below 
the  hydrogen  reduction  line,  cracking  ensued  at  once! 

•Since  cracking  is  observed  only  :it  points  below 
the  hydrogen  reduction  line,  the  necessary  conditions 
for  hydrogen  embrittlement  tire  met.  and  there  are 
now  no  observations  requiring  the  crack  tip  dissolu¬ 
tion  model. 

The  hydrogen  model  suggests  that  steels  which 
exhibit  high  potentials  and  which  corrode  slowly, 
thereby  permitting  diffusion  processes  to  oppose 
the  accumulation  of  acid,  should  be  the  more  resist¬ 
ant  to  stress  corrosion.  On  the  other  hand,  steels 
with  low  potential  and  also  low  intrinsic  corrosion 
resistance  would  be  expected  to  have  poor  resistance 
to  stress  corrosion.  Both  suppositions  are  in  ge/.eral 
accord  with  experimental  results. 

Electron  microscopy  of  replicas  of  stress-corrosion 
fracture  surfaces  in  high-strength  steels  has  revealed 
the  presence  of  ridges  tmd  peaks.  These  features  are 
interpreted  as  terminal  tensile  failures  of  ligaments 
which  were  resistant  to  the  corrosive  factor.  Thus, 
:is  has  been  found  earlier  for  titanium,  stress-corrosion 
cracking  in  high-strength  steels  is  a  dual  process; 
part  is  the  result  of  stress  and  a  chemical  reaction 
and  part  is  essentially  mechanical. 

This  work  is  part  of  a  prognim  funded  by  the 
Advanced  Rcsctirch  Projects  Agency  in  which 
academic  :md  industritil  laboratories  also  are  involved. 


the  corrodent  at  the  advancing  crack  tip  was  found 
to  be  about  3.6.  This  acid  condition  is  postulated  to 
be  due  to  the  hydrolysis  reaction  Fe''*'*  -I-  2H.-0  ^ 
Fe(OH)2  +  2H*.  The  important  result  was  that  the 
data  points  for  all  I  1  steels  fell  into  that  pari  of  the 
Pourbaix  diagram  which  indicates  that  hydrogen  can 
be  reduced  from  water,  i.e.,  belov/  the  hydrogen 
reduction  line.  This  suggests  that  the  hydrogen 
mechanism  is  active.  If  .so.  the  addition  of  a  buffering 
salt  to  the  corrodent,  to  hold  the  pH  above  the 


l-lcctron  micrograph  of  replica  of  stress-corrosion  fracture  surface  of 
a  steel  alloy.  Broad  featureless  areas  .ire  considered  to  be  due  to 
siniultaneous  chemical  action  and  stress.  Ridges  are  interpreted  as 
being  formed  by  ligtimenls  resistant  to  chemical  effects  that  undergo 
plastic  strtiining  until  they  tire  torn  tipart.  Magnification:  fiO.OOOX. 
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DilTerential  Aeration  Corrosion  of  Stainiess  Sted. 

Severe  corrosion  damage  to  stainless  steels  can  result 
from  differential  aerati.in  cells  created  at  any  point 
on  the  surface  where  tin.-  access  of  oxygen  is  limited 
te.g.  in  a  crevice  or  under  some  types  of  biological 
fouling).  Such  coiTosinn  has  been  a  continuing  prob¬ 
lem  in  ocean  materials  technology  for  many  years. 
In  principle,  the  problem  could  be  eliminated  by  the 
substitution  of  more  resistant  alloys,  but  the  stainless 
steels  have  many  de.)irable  qualities  that  call  for  their 
continued  use. 

It  has  been  known  for  some  years  that  Type  316 
stainless  steel  is  satisfactory  for  use  in  the  sea  if  it 
is  provided  with  reliable  cathodic  protection,  i.e., 
electric  I  bonding  to  a  large  cathode,  such  as  a  ship’s 
hull.  Type  316.  however,  is  one  of  the  more  expensive 
alloys.  Furthermore,  many  items  fabricated  from  Type 
316  are  obtainable  only  by  special  order,  which 
inevitably  involves  a  delay  in  their  procurement. 


Stainiess  steel  hja.  xchangr;  used  in  an  ^icoustic 
project.  This  component  faileu  ss  a  result  of 
differeniial  .leration  corrosion 


Studies  to  determine  .he  reliabilit)  jf  ilie  less- 
expensive  Type  304  stainless  steel  were  conducted 
on  O-ring  seals  (which  present  an  estremciy  sc'ce 
differentia!  aeraiion  con-lition).  The  results  demon¬ 
strated  that,  although  difi'erentiid  aeration  corrosion 
of  Type  304  cannot  be  completely  prevented  by 
cathodic  protection,  the  usual  excessive  corrosion 
associated  with  this  .iMoy  can  b'  substantially  reduced. 
Whenevei  the  use  of  mere  resistant  alloys  is  pre- 
40  eluded.  Type  304  httings.  if  coupled  to  either  zinc 


anodes  or  structural  steel,  are  adeauate  for  long¬ 
term  use  in  sea  water. 

Along  with  the  engineering  experiment,  an  in¬ 
vestigation  into  the  solution  chemistry  of  differential 
aeration  corrosion  was  carried  out  by  use  of  pH 
indicator  papers  and  spot  tests  for  metallic  ions. 
This  continuing  investigation  has  already  shown  that 
differential  aeration  corrosion  of  Type  304  steel  is 
always  characterized  by  a  very  acid  corrodent 
trapped  in  the  area  of  low  oxygen.  The  data  indicate 
that  the  hydrogen  ion  concentration  is  too  high  to  be 
completely  accounted  for  by  a  reaction  involving 
the  iron  in.  the  stainless  steel.  The  measured  pH  and 
available  thermodynamic  data  suggest  that  the  acidity 
is  due  to  the  hydrolysis  of  soluble  chromium  ions 
produced  during  the  corrosion  process. 

The  solution  chemistry  studies  have  indicated  the 
desirability  of  investigating  the  application  of  an 
alkaline  buffer  to  the  mating  surfaces  of  0-ring-type 
seals  to  mitigate  the  buildup  of  hydrogen  ions.  These 
studies  should  be  jseful  also  to  the  development  of 
alloys  resistant  to  oifterential  aeration  corrosion. 


Spin-Wave  Resonance  and  Radiation  Damage  in  Thin 
Filins.  The  increacmg  use  of  thin  films  in  electronic 
devices  and  the  continued  interest  in  their  use  as 
computer  elements  make  an  understanding  of  their 
physical  characteristics  quite  important.  NRL  sci¬ 
entists  were  the  first  to  use  a  combination  of  two 
different  techniques  — spin-wave  resonance  and 
radiation  damage  — to  determine  the  role  that  im¬ 
perfections  play  in  the  characteristics  of  magnetic 
thin  films.  In  addition  to  its  use  in  the  study  of  radi¬ 
ation  damage  in  films  per  ve.  this  approach  pro¬ 
vides  a  convenient  and  unique  way  to  change  the 
defect  distribution  in  the  film. 

In  spin-wave  resonanc",  a  ferromagnetic  film  in 
both  a  steady  and  a  microwave  field  absorbs  energy 
from  the  microwave  field  when  the  condition  relating 
the  microwave  ‘'requency  and  tht  magnitut!-:  of  the 
steady  field  is  satisfied.  .Although  various  spin-wave 
resonance  modes  can  be  excited,  both  the  volu  ne 
hemogeneity  of  the  magncti 'atior,  and  the  surface 
ani'.otropy  (and.  hence,  spin-pinning)  affect  the  posi¬ 
tions  and  intensities  of  the  resonance  absorption 
lines. 

NRI  studies  of  irradiated  Pcniialloy  films  show 
that  the  spin-wave  resonance  fields  ;uc  all  decreased 
if  the  film  is  b.'low  a  critu  al  thickness  i2.(KK)A) 
and  that,  in  generai.  the  iiitensilics  of  the  even  res 
onance  modes  .ire  increased  whereas  those  of  ihc  odd 
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FILM  SURFACE  i^ILM  SURFACE 


Spin-'.vave  modes  (n  -  1,2,  and  3)  of  a  ferromagnetic  film, 
with  the  surface  spins  taken  as  pinned.  Energy  would  be 
absorbed  only  by  the  n  =  I  and  n  ="  ,1  modes. 


modes  are  decreased  These  changes  can  be  attributea 
to  a  change  in  tne  radial  isotropic  stress  of  the  film 
and  to  a  “freeing-up”  of  the  spins  at  one  surface  of 
the  film.  In  addition,  it  is  found  that  for  films  thicker 
than  2,0(!oA  there  is  an  increase  in  the  resonance 
fields  of  the  first  two  modes.  This  suggests  that  volume 
inhoniogeneities,  as  well  as  surface  (spin-pinning) 
changes,  are  playing  a  role  in  the  spin-wave  reso¬ 
nance  patterns  of  these  thicker  films. 

Since  half-widths  of  the  resonance  lines  do  not 
change  much  with  irradiation,  even  though  in  some 
cases  the  intensity  changes  by  a  factor  of  si.x,  it  is 
concluded  that  the  spin  waves  are  not  interacting  with 
the  irradiation-produced  defects  and  that  the  defects 
produced  are  smaller  than  the  smallest  spin-wave 
excited  in  the  film  (400A).  After  their  irradiation, 
annealing  the  films  at  rather  low  temperature  (2()0°C) 
changes  the  spin-wave  resonance  intensities  back 
toward  their  original  values,  whereas  the  low-order 
resonance  fields  continue  to  increase  for  these  thicker 
films  Thus,  although  the  defects  causing  the  changes 
in  the  surface  anisotropy  arc  annealing  out,  the  volume 
inhomogeneiiics  in  the  film  are  continuing  to  increase 
with  anneal. 


Environmental  Effects  at  Elevated  Temperatures. 

i  he  deleterious  effect  of  reactive  gases  on  the  fatigue 
prrrperties  of  metals,  a  matter  of  concern  in  regard 
to  many  structures,  has  Krcn  related  to  an  increase 
in  rale  of  crack  propagation.  .An  understanding  of 
the  priK'css  by  which  this  lakes  place  could  lead  to 
belter  control  of  metal  properties  and  thus  to  im- 
provcinenl  m  the  reliability  of  siniclurcs,  Stvcnii 


explanations  of  the  effects  have  been  put  forth,  but 
experimental  confirmation  has  been  lacking. 

In  a  detailed  study  conducted  at  NRL,  the  growth 
rate  of  a  fatigue  crack  in  Type  316  stainless  steel  was 
measured  in  an  oxygen  atmosphere  at  500°C  at  a 
series  of  pressures  from  10  '  to  10  torr.  A  regenera¬ 
tive  drive  machine  was  developed  specifically  for  this 
purpose.  The  specimen  was  vibrated  in  reverse 
bending  at  its  resonant  frequency,  and  the  observed 
decreases  in  frequency  were  used  as  a  measure  of 
crack  length.  It  was  found  that  rate  of  crack  growth 
increased  sharply  at  intermediate  pressures  but  was 
insensitive  to  oxygen  at  very  low  and  very  high  pres¬ 
sures.  The  critical  transition  pressure  above  which 
there  was  no  further  increase  in  growth  rate  may 
be  interpreted  in  terms  of  a  previously  proposed 
model. 

According  to  the  modt  1,  the  adsorption  of  gas  on 
crack  surfaces  weakens  :he  material  there.  In  the 
transition  region,  with  increase  in  pressure  and  thus 
in  rate  of  surface  coverage  the  crack  velocity  in¬ 
creases.  The  critical  transition  pressure  is  reached 
when  the  rate  of  surface  coverage  by  the  gas  equals 
the  rate  of  exposure  of  fresh  surface  at  the  crack  tip. 
At  pressures  higher  than  that  which  produces  satura¬ 
tion  of  the  surfaces,  no  further  increase  in  crack 
growth  rate  should  be  expected. 

This  concept  was  evaluated  by  a  method  developed 
at  NRL  for  calculating  the  gas  pressure  at  the  critical 
point  (where  crack  surfaces  are  being  produced  and 


l  lTccl  o\  oxvgen  prc'-suic  al  '(>')  (  o*\  rale  »>}  taliguc  crack 
fur  Ivpc  blain'csN  sUcl  al  a  (nwHling  strain  I'f 
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saturated  at  the  same  rate).  In  this  method,  the  time 
available  for  coverage  of  Ireshly  exposed  atoms  at 
the  crack  tip  is  equated  to  ihe  time  it  takes  to  saturate 
these  surface  atoms,  as  calculated  from  the  kinetic 
theory  of  gases.  It  is  assumed  that  the  crack  tip 
advances  in  small,  discrete  steps  within  the  fatigue 
cycle  and  thet  the  surface  in  each  step  is  covered 
before  the  succeeding  one  is  produced.  The  ex¬ 
posure  time  for  each  step  is  given  by  the  interatomic 
spaciiig  divided  by  the  crack  tip  velocity.  Then,  from 
the  kinetic  theory  of  gases,  the  pressure  necessary 
to  saturate  the  i  Jtface  within  the  exposure  time  can 
be  calculated. 

The  critical  pressure  predicted  by  the  method  for 
crack  growth  rate  in  stainless  steel  at  5G0°C  agrees 
well,  within  an  order  of  magnitude,  with  the  experi¬ 
mental  value.  Application  of  the  method  to  data 
obtained  in  other  investigations  also  produces  good 
agreement  between  predicted  and  experimental 
values.  These  results  indicate  that  environmental 
effects  can  be  satisfactorily  explained  on  the  basis 
of  gas  adsorption. 


Sintering  of  Porosity  in  Bicrystals  of  Niobium.  A  crys¬ 
talline  material  is  ordinarily  composed  of  many, 
small,  single-crystal  grains  of  various  orientations. 
The  boundaries  separating  these  grains  can  have  a 
large  effect  on  the  properties  and  behavior  of  the 
material.  An  understanding  of  the  nature  of  grain 
boundaries  and  of  their  interaction  with  other  crystal 
defects,  such  as  dislocations  and  atomic  vacancies, 
is  of  great  importance. 

One  of  the  most  effective  techniques  for  the  study 
of  grain  boundaries  is  to  create  a  boundary  between 
two  relatively  large  crystals;  that  is,  to  make  a  bi¬ 
crystal  of  controlled  orientation.  Scientists  at  NRI. 
have  made  bicrystals  of  niobium  by  vacuum-welding 
two  single  crystals  at  high  temperature  under  light 
pressure.  The  boundary  thus  Lamed  is  identical 
to  naturally  occuixing  boundaries.  Some  porosity 
remains  in  the  Knindary  .ifter  the  crystals  have  been 
welded,  but  this  ‘'an  be  removed  by  a  sintering  process 
of  high  temperatuie  annealing. 

I  he  kinetics  of  this  sintering  puKess  can  be  re¬ 
lated  to  the  sintering  of  voids  in  a  niet.dlic  powder 
compact  and  shotild  provide  information  on  the  natiirc 
of  the  boundaiy  and  the  dislocation  structure  Void 
closure  iKCurs  by  the  migration  of  vacancies  fiorn 
Ihe  void  poies  to  defects  or  c'’,'.rnal  surtaccs.  where 
they  can  be  absorbed  f-'xperinu-nls  h.ive  been  con- 
42  ducleil  to  determine  llie  smtcni  .’  i.ile  as  a  function 


I’hoioniicroniaptis  ol  a  niohmni  hicivsl.il  fHiunC.iiv  showme 
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Ion  -Vs  u,cMcvl  Itolioni  I  IccliociclioJ  !o  develop  pils  il 
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of  three  variables:  boundary  misorientalion,  disloca¬ 
tion  density  and  distribution  as  affected  by  welding 
pressure,  and  temperature.  The  percentage  porosity 
is  measured  in  sections  cut  perpendicular  to  the 
b'^undary,  and  the  dislocation  structure  is  examined 
by  electroe'ching  and  decoration  techniques  de¬ 
veloped  at  Nk^L. 

ft  has  been  found  that  the  sintering  rale  is  initially 
quite  high  but  decreases  to  a  relatively  low  and  ap¬ 
parently  constant  rate  at  long  times.  The  rates  are 
apparently  independent  of  the  boundary  misorienta- 
tion,  a  surprising  result  since  the  boundary  would 
be  expected  to  act  as  a  vacancy  sink.  The  large 
variation  in  initial  rate  has  been  related  to  changes 
in  dislocation  structure.  Excess  dislocations  intro¬ 
duced  during  the  welding  process  form  subboundaries 
or  are  eliminated  during  the  anneal,  in  times  cor¬ 
responding  to  the  decrease  of  the  sintering  rate  to 
a  constant  value.  It  was  also  found  that  the  initial 
rate  is  strongly  dependent  on  welding  pressure,  being 
higher  for  increased  pressure,  which  produces  an 
increased  dislocation  density.  These  results  show 
that  the  dislocations  can  act  as  the  principal  vacancy 
sinks  in  the  sintering  of  porosity. 

Interfadal  Energies  In  Metals.  A  knowledge  of  solid- 
liquid  interfacial  energies  is  important  to  the  quantita¬ 
tive  understanding  of  thermodynamic  and  kinetic 
interactions  involved  in  most  metallurgical  solid- 
liquid  processes.  Previously,  only  indirect  estimate:, 
of  these  energies  have  been  available. 

Using  their  own  NRL-developed  technique  of 
gradient  hot  stage  electron  microscopy,  NRL  scien¬ 
tists  have  been  able  to  observe  directly  the  micro- 
structural  details  of  metal-melt  interfaces  at  very 
high  magnification  (over  100,000X).  Investigations 
of  the.  surface  tension  balance  established  where  a 
grain  boundary  suiface  meets  the  solid-liquid  interface 
have  produced  the  first  absolute  values  of  the  solid- 
liquid  interfacial  energy  in  a  metal. 

The  solid-liquid  intcrfacial  energy  has  been  mea¬ 
sured  in  pure  bismuth  over  a  range  of  crystallographic 
directions  in  the  basal  plane.  An  average  value  of  61 
ergs  per  square  centimeter  was  determined,  which 
differs  significantly  from  previously  reported  estimates 
based  on  rather  indirect  methods.  A  small  anisotropy 
in  the  interfacial  energy  was  detected  and  was  shown 
to  be  responsible  for  .-nany  prominent  micromorpho- 
logical  features  of  the  solid-liquid  interface  Similar 
considerations  hold  for  many  other  metals,  such  as 
zinc,  nuignesium.  beryllium,  and  tin,  :dl  of  whic.) 
arc  anisotropic  in  mest  of  their  properties 


Finally,  the  relationships  found  between  grain 
boundary  energies  and  solid-liquid  surface  energies 
have  additional  important  metallurgical  implications, 
since  the  behavior  of  metals  near  their  melting  point 
is  frequently  governed  by  the  ability  of  the  grain 
boundaries  to  resist  melting  and  maintain  structural 
integrity.  Specifically,  it  was  found  that  certain 
boundary  dislocation  structures  are  thermodynam¬ 
ically  stable  until  the  normal  melting  point  is  reached, 
whereas  others  become  unstable  below  the  melting 
point.  The  marked  difference  in  stability  seems  to 
depend  on  very  slight  variations  in  the  density  of 
the  dislocations  in  the  grain  boundary.  The  ability 
to  control  these  structures  may  play  an  fmportait 
role  in  the  seap:h  for  better  high-temperature  ma¬ 
terials. 

Gas-Metal  Reactions.  Ideally,  the  oxide  formed  on 
a  metal  in  high-temperature  service  shojid  com¬ 
pletely  isolate  the  structural  alloy  from  the  environ¬ 
ment,  stifle  the  reactions  which  formed  the  oxide 
barrier,  and  prevent  property  changes  (structural 
changes)  in  the  alloy.  Unfonunately  this  ideal  is 
never  achieved,  so  alloy  oxidation  is  a  dominant 
constraint  in  a  wide  variety  of  Navy  applications. 
Because  the  basic  processes  determining  these  limita¬ 
tions  have  not  been  fully  explored,  predictions  of 
alloy  behavior  arc  based  on  simplified  “model  sys¬ 
tems"  which  are  not  adequate. 

NRL  has  explored  some  aspects  of  oxidation  in 
systems  as  diverse  as  protective  coatings  for  re¬ 
fractory  metals  and  pure  iron  oxidation.  Recent 
studies  I  ave  shown  that  model  mechanisms  have  been 
over-extended  in  the  past.  F<’r  example,  measure 
ments  of  increasing  chromium  solution  in  wiistite 
(FC(i  »)0)  confirmed  the  lowering  of  the  oxygen 
activity  predicted  by  a  pure  iron  model  but  showed  an 
increase  in  the  lattice  parameter  rather  than  the 
“predicted'  contniction.  These  data  are  not  suf¬ 
ficient  to  clarify  the  defect  structure  of  this  oxide, 
but  when  they  are  joined  with  other  data,  the  combina¬ 
tion  cautions  against  generalizations  derived  for  mate¬ 
rials  of  low  defect  concentrations. 

fhe  impi>rtance  ot  the  surface  reaction  in  the  oxida¬ 
tion  and  carburi/aition  of  Fe-Cr  alloys  in  COj-CO 
atmospheres  has  required  a  re-exaniination  of  the 
"model  system."  i.c.,  the  oxidation  of  pure  iron  in 
('0:-(‘().  The  complicated  kinetic  results  character¬ 
istic  of  the  conversion  of  iron  to  wustitc  n.ive  been 
faithfully  reproduced  in  these  current  studies.  A 
variety  of  expeiincnta!  techniques  are  being  used, 
including  kinetic  measurenicnis.  x-rav  data  (for  43 
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texture  and  oxide  de'ect  concentration),  and  optical 
and  scanning  electron  microscopy  (for  microstructure 
and  surface  topography). 

The  evaluation  of  surface  change.s  during  oxidation 
has  been  greatly  enhanced  by  use  of  the  scanning 
electron  microscope  The  oxide  formed  in  the  initial 
periiHl  (2  hours)  at  l,000°C  in  CO>ICO=^  1.0  shows 
a  unifoim.  highly  textured,  wustite  layer  and  prom¬ 
inent  wiistite  needles.  The  growth  kinetics  of  this 
period  are  nearly  linear  and  are  probably  controlled 
by  the  reaction  at  the  atmosphere-oxide  interface. 
As  the  oxidation  time  is  extended,  a  very  rough  and 
nonuniform  oxide  layer  develops.  After  five  to  seven 


hours,  the  surface  morphology  of  the  oxide  has 
changed  dramatically —  and  so  have  the  reaction 
kinetics,  the  wustite  composition,  and  the  oxide 
texture.  After  prolonged  oxidation,  the  thickness 
and  surface  topography  of  the  oxide  become  more 
uniform.  The  surface  develops  a  pattern  of  square- 
based  pyramidal  pits  bound.;fi  by  planes  close  to  the 
{111}  form.  The  rate  of  oxidation  decreases  but  does 
not  attain  parabolic  kinetics  because  steady  state 
boundary  conditions  are  not  achieved,  even  after 
long  oxidation. 

In  previous  attempts  to  analyze  the  kinetics  of 
iron  oxidation,  inappropriately  simple  boundary  con- 


Phi>U>Kr.iph>  of  scconil.iry  ■■IvClron  Nhowinj:  Mirfacc  of  «uslilc  ftaimal  on  iron  oxiili/cJ  al  I  ,(Ki<l°(  in  (  '().•'('?)  1  (I 

for  two  hoiiiv  (.'.I  icfn  a  id  for  xcvcn  hours  lal  riijhll  \t,i):niiii..ilion  JhllX  I  he  related  perspeeloe  drawings  were  eonvirueled 
44  from  sloreop.ms  of  ihe  phologi.iph. 
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dili('ns  have  been  assumed.  One  such  assumplioi. 
was  that  of  a  uniform,  smooth,  oxide  layer  durinj; 
the  entire  growtl  period.  Siudics  with  the  scanning 
electron  microscope  have  shown  that  this  is  n<  t  a 
realistic  assumption.  It  was  also  assumed  that  the 
wiistite  composition  remained  at  the  iron.wiistite 
equilibrium  value  through  the  time  of  rapid  oxidation 
(the  five  to  seven-hour  period  mentioned  above). 
X-ray  measurements  of  lattice  parameters  have  shown 
that,  in  fact,  a  composition  gradient  develops  in  the 
oxide  very  early  and  that  the  .  uriace  composition 
of  the  oxide  changes  throughout  the  oxidation  process. 

Tiic  complexity  of  iron  oxidation  is  not  exclusively 
caused  by  a  shift  in  the  rate-controlling  process 
from  iurface  reaction  to  diffusional  transport.  In¬ 
stead,  there  is  an  intervening  period  in  which  dis¬ 
ruptive  priK'esses  g'c,.t|y  alter  the  surface  character 
and  area  of  the  oxide  and  produce  very  high  oxidation 
rates.  These  same  effects  are  evident  in  the  oxidation 
of  dilute  Ke-Cr  alloys  (up  to  weight-percent  Cr) 
but  are  displaced  by  a  much  simpler  sequence  in 
higher  Cr  alloys  {5  to  I,*!  weight-percent  Cr).  This 
apparent  paradox  erf  the  more  complex  alloy  having 
simpler  re'ction  kinetics  (but  with  very  different 
characteristics  of  the  wiistite  layers)  suggests  a  stre'ng 
influence  of  the  metal-oxide  interface  reactions  on 
the  more  dominant  processes. 


Influence  of  Oxygen  on  Formation  of  Surface  Slip 
Bands.  Metals  under  stress  deform  plastically  by 
displacement  or  slip  along  crystallographic  planes, 
and  the  cycling  of  the  process  leads  to  he  initiation 
and  growth  of  a  crack.  Where  a  plane  on  which  slip 
has  cKCurred  intersects  the  metal  surface,  a  step  is 
produced,  and  these  steps  have  the  appearance  of 
lines  or  bands.  Inspection  of  the  character  of  these 
slip  bands  can  yield  informatio.i  about  the  deformation 
process.  Because  slip  is  ef'en  initiated  at  the  surface, 
it  would  be  of  interest  to  know  if  ii  is  influenced  by  the 
surrounding  medium.  This  i,’'orm,ition  could  help 
explain  the  etfects  of  environment  on  the  f.tilurc  ot 
metals. 

In  metals  undergoing  fatigue,  a  reactive  gas  is 
known  to  accelerate  crack  propag.iiion,  but  its  effect 
on  the  preceding  suiface  ieform  ition  and  crack 
initiation  is  obscure.  In  a  study  of  these  early  fatigue 
stages.  Inconel  X-7.‘'()  sheet  specimens,  each  contain 
ing  a  surface  notch,  were  vibrated  in  reverse  bending 
.It  500 in  an  atmosphere  of  I -ton  oxygen  and  in 
.1  vacuum  of  6  s  |()  '  ton.  The  experiments  were  in 
'errupted  pe’iodically  so  that  the  notch  surfaces  could 


Photomicrogr.iph  of  slip-band  formation  in  notch  of  Inconel 
specimen  vibrated  a  st)t)'’c  for  f  .6  x  10'  cycles  in  a  vacuum 
of  h  ■  10  •  Ion  (lop)  and  in  an  atmosphere  I'f  l-torr  oxygen 
(bottom)  Magnification;  .S()0\. 

be  examined  microscopically.  .Mso,  the  rate  of 
crack  propagation  was  determined  from  decreases 
in  resonant  freqtiency  of  vibration  which  iKcur  as 
the  crack  priKceds. 

(Hives  of  crack  growth  In  I -ton  oxygen  and  in 
vacuum  reveal  th;it,  lor  a  coniptirable  number  ,)f 
cycles,  crtick  growth  rales  are  higher  in  oxygen. 

.\s  a  lesull  of  the  faster  crack  growth  in  oxygen  and 
app.ircnily  e.irliei  inili.ilion  ol  the  ci.ick,  the  fatigue 
life  w.is  about  57  times  longer  iti  vacutim  than  in 
oxvgeii. 

'he  environment  ilso  a.iecis  the  formation  of 
slip  bands  which  .ippe.ii  on  the  notch  suiface  nor 
to  cr.icking  Slip  b.iiufs  produced  in  vacuum  are  45 
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C  urves  of  fatigue  crack  growth  in  inconel  X-750  vibrated 
in  reverse  bending  at  ."iOOX  and  0. 1 7-percent  strain  in  I-torr 
oxygen  and  in  vacuum. 


widely  -TJaced.  whereas  those  produceo  in  oxygen 
after  the  same  number  of  cycles  are  finer  and  much 
more  closeiy  spaced.  In  a  typical  experiment,  after 
3.6  X  10^  cycles,  a  fine  crack  had  formed  in  oxygen 
hut  not  in  vacuum.  The  crack  which  later  developed 
in  vacuum  followed  the  early,  prot  ;nt  slip  bands. 

Environmental  influence  on  the  ivelopment  of 
surface  deformation  apparently  can  affect  crack 
initiation.  The  finer  and  more  closely  spaced  sur¬ 
face  slip  produced  in  oxygen  appears  to  be  related 
to  chemisorption  or  oxidation  of  freshly  exposed 
slip  surfaces.  Oxygen  on  the  surfaces  of  the  slip 
step  may  cause  increased  resistance  to  further 
slip  on  that  plane,  and  other  adjacent  slip  planes  are 
activated,  which  accounts  for  the  numerous  slip 
bands.  In  contrast,  the  fresh  slip  surfaces  produced 
in  vacuum  would  not  be  quickly  oxidized,  and  slip 
could  be  reversed  and  further  cycled  on  the  same 
plane.  Oxidation  of  slip  steps  and  transport  of  oxygen 
atoms  into  the  interior  of  the  crystal  by  the  cycling 
can  form  strong  obstacles  to  further  dislocation 
motion.  These  obstacles  also  can  serve  to  nucleate 
a  crack. 

These  findings  improve  our  understanding  of  en¬ 
vironmental  effects  on  metal  properties  and  permit 
a  more  knowledgeable  application  of  materials. 

Physical  Properties  of  Incipient  Ferromagnets.  Mary 
metals  have  unique  properties  which  can  be  inter¬ 
preted  only  in  terms  of  many-body  electron-electron 
intfactions.  Two  such  properties,  which  also  appear 
to  be  mutually  exclusive,  are  superconductivity  and 
ferromagnetism.  Metals  are  either  superconductors  or 
ferromagnets  but  are  never  both.  An  intermediate 
electronic  state  is  that  of  incipient  ferromtignet- 
46  ism" -a  strongly  paramiignetic  state  that  exhibits 


properties  somewhere  between  those  of  the  other 
two.  Knowledge  of  this  hybrid  state  should  yield 
valuable  clues  for  a  better  understanding  of  both  the 
ferromagnetic  and  the  superconducting  states. 

NRL  scientists  have  been  leaders  in  exploring  the 
properties  of  several  binary  alloy  systems  which, 
over  certain  regions  of  composition,  are  incipient 
ferromagnets.  These  are  the  platinum-nickel  and 
palladium-nickel  alloys,  which  remain  paramagnetic 
up  to  approximately  50  and  2  atomic-percent  nickel, 
respectively.  As  the  critical  composition  for  the 
occurrence  of  ferromagnetism  is  approached,  the 
alloys  become  increasingly  strong  paramagnets  yet 
remain  nonferromagnetic.  In  this  region  of  composi¬ 
tion,  NRL  scientists  have  observed  anomalous 
physical  properties  which  arise  from  true  many-body 
effects.  For  example,  at  low  temperatures,  an  elec¬ 
trical  resistivity  contribution  varying  as  the  square 
of  the  temperature  and  a  thermal  resistivity  con¬ 
tribution  varying  as  the  first  power  of  the  temperature 
have  been  observed.  These  temperature  dependences 
have  been  theoretically  explained  and  related  to  the 
strength  of  the  electron-electron  interactions.  As 
these  interactions  become  stronger,  the  temperature 
coeflicienis  of  the  two  contributions  increase  ex¬ 
tremely  rapidly,  although  their  ratio  remains  roughly 
constant. 

Unusual  low-temperature  heat  capacities  also 
have  been  observed  for  these  “incipient  ferromag¬ 
nets.'’  The  coefficient  of  the  linear  term  in  the  low- 
temperature  heat  capacity  has  been  found  to  vary 
extremely  strongly  as  a  function  of  electron  inter¬ 
action  strength.  Theoretically,  this  has  been  related 
to  the  enhancement  of  the  effective  mass  of  the  elec¬ 
tronic  quasi-particles.  In  addition,  the  electron 
interactions  have  been  found  to  result  in  an  unusual 
composition  dependence  in  the  apparent  Debye 
characteristic  temperature  Finally,  since  the  electron 
inter  ctions  are  strongly  function^  of  the  magnetic 
field,  the  field  dependence  of  many  of  the  properties 
mentioned  above  has  been  examined  in  field  strengths 
up  to  100  kilogauss. 


Fracture  Toughness  of  High-Strength  Metals.  I'he 
tensile  strength  of  a  material  is  defined  in  terms  of 
critical  stresses  which  relate  to  the  beginning  of 
yielding  and  to  the  initiation  of  fracture.  For  brittle 
solids,  yielding!  does  not  develop,  the  strength  limit 
is  attained  with  the  onset  of  fracture,  and  catastrophic 
failure  results.  Metals  generally  yield  and  increase 
in  strength  by  work  hardening  prior  to  the  onset  of 
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fracture.  Measurements  made  on  the  usual  specimens 
of  smooth  section  may  be  misleading,  however,  as 
to  the  actual  strength  capabilities  of  a  material.  In 
structural  applications,  the  presence  of  cracks  or  other 
notch-like  defects  results  in  very  high  stresses  at  the 
crack  tips,  and  the  first  development  of  yielding  is 
concentrated  within  a  small  plastic  zone  at  the  tip. 
The  extent  to  which  this  microscopic  volume  of  metal 
deforms  instead  of  fracturing  establishes  the  fracture 
strength  of  the  total  section. 

In  metals  of  high  fi-acture  toughness,  large  crack- 
tip  plastic  zones  will  develop  which  serve  to  blunt  the 
crack  and  thereby  permit  the  rise  of  nominal  stresses 
to  levels  that  will  cause  general  yielding.  In  metals 
of  low  fracture  toughness,  fracture  will  occur  in  the 
plastic  zone  at  levels  of  nominal  stresses  that  may  be 
far  below  the  yield  point.  Thus,  the  most  significant 
parameter  of  strength  for  metals  or  other  materials 
is  the  “cracked  body  strength.” 

The  development  of  high-strength  alloys  entails 
the  control  of  complex,  multiphase,  microstructural 
conditions.  In  brief,  while  the  metal  must  offer 
high  plastic  flow  resistance  at  microscale  (grain  size 
and  subgrain  size  levels  of  10-‘  to  10'*  centimeter^ 
the  flow  must  not  be  terminated  by  microfracture  pro¬ 
cesses  at  too  early  a  stage.  In  effect,  the  desired  aim 
is  microscale,  crackless  plasticity  of  high-activation 
stress  intensity. 

The  appaient  paradox  in  strength  of  materials  is 
that  microscopic  “weakness,"  i.e.,  yielding  with  the 
creation  of  a  plastic  zone  at  crack  tips,  leads  to  macro¬ 
scopic  strength -the  material  will  resist  fracture  even 


in  the  presence  of  large  cracks.  Conversely,  micro¬ 
scopic  “strength,"  signifying  too  high  a  resistance 
to  yielding  at  crack  tips,  leads  to  macroscopic  weak¬ 
ness— the  yield-resisting  solid  will  fracture  at  very  low 
nominal  stresses  in  the  presence  of  minute  defects. 

The  critical  fracture  strength  is  defined  by  the 
parameter  K;r(ksi  ViiT),  which  is  the  critical  inten¬ 
sity  of  the  elastic  stress  field  at  the  crack  .ip.  The 
size  of  the  crack-tip  plastic  zone  is  proportional  to 
the  parameter  (K/r/o,/.)*.  i.e.,  the  ratio  of  the  crack- 
tip  stress  field  intensity  to  the  nominal  yield  strength. 
This  is  basically  an  expression  of  the  ratio  between 
the  force  applied  and  the  force  required  for  yielding. 
The  higher  the  ratio,  the  larger  the  plastic  zone  and 
the  higher  the  energy  absorbed  by  the  metal  prior  to 
fracture.  Formal  fracture  mechanics  concepts  pro¬ 
vide  for  conversion  of  the  ratio  to  critical  flaw  size 
and  stress  relationships.  In  practice,  the  ratio  for 
a  given  metal  thickness  can  increase  only  to  some 
specific  level  beyond  which  general  yielding  occurs 
and  flow  rather  than  fracture  dominates  the  failuic 
process. 

The  complexities  of  these  relationships  have  seri¬ 
ously  impeded  communication  between  research 
specialists  working  in  the  microstructural  aspects 
of  high-strength  metals  and  design  or  materials 
engineers.  Until  NRL  developed  the  dynamic  tear 
(DT)  test,  there  was  no  simple  engineering  test 
available  which  properly  characterized  the  plastic 
zone  size  across  the  full  spectrum  of  metal  tough¬ 
ness— relatively  brittle  to  fully  ductile.  The  develop¬ 
ment  of  the  DT  test  andjts  characterization  in  terms 


Katio  analysis  diiigram  for  steels. 
Materials  falling  v-  ithin  the  area  of  /one 
1  will  be  characterized  by  critical  flaws 
of  minute  dimensions,  those  within  /tine 
!l  by  transition  from  small  to  very  large 
cntical  flaws,  and  those  within  /one  III 
by  complete  resistance  'o  unstable 
fr.ic;,  re. 
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of  the  K;,  /(r„,  parameter  have  made  it  possible  to 
resolve  these  complexities  in  a  very  simple  mannei. 
In  fact,  information  which  would  otherwise  require 
textbook-size  descriptions  may  now  be  "compressed" 
into  a  simple  diagram,  called  the  "ratio  analysis 
diagram"  (RAD). 

For  exantple.  the  R.AD  for  steels  provides  the 
following  information  in  terms  of  the  full  yield- 
strength  range  for  plate  thicknesses  of  I  to  3  inches: 

The  otnimum  mutcmd  irviui  liiw  1).  This 

represents  the  current  "leading  edge  of  the  tech¬ 
nology"  and  indicates  the  best  material  for  specific- 
strength  levels.  Metallurgical  research  is  aimed  at 
developing  materials  with  fracture  properties  beyond 
this  current  limit  of  the  technology. 

KirliTys  ratio  liiu's.  These  can  be  translated  quickly 
into  flaw  size  and  stress  conditions  that  will  cause 
fracture. 

Zonal  ret^’ions  <'J  f;i‘ncrk  families  of  alloys,  im  lud- 
ini;  processing;  variahles.  These  define  metallurgical 
factors  for  the  developers  of  new  alloys.  In  addition, 
they  provide  for  the  design  engineer  a  means  ot  de¬ 
riving  estimates  of  trade-offs  for  relative  strength, 
relative  quality,  relative  cost,  etc. 

Such  diagrams  have  been  worked  out  for  the  struc¬ 
tural  steels,  titanium,  and  aluminum  alloys  and.  ex¬ 
cept  foi  aluminum,  aieir  respective  weld  met  ds. 
The  diagrams  may  be  "entered"  by  a  variety  of  scales 
known  to  engineers,  the  most  definitive  for  total  range 
of  toughness  being  that  of  the  relatively  inexpensive 
DT  test.  As  additional  information  is  obtained,  the 
data  points  may  be  plotted  on  the  diagram,  and  thus 
it  serves  as  a  data  storage  bank  of  utmost  sii.'plicity. 

The  DT  test  and  RAD  procedures  have  been  uti- 
'ized  in  critical  Navy  decision-making  relating  to  the 
selection  of  metals,  alloy  development  plans,  and 
engineering  des-gn  practice.  At  the  request  of  the 
Naval  Ship  Systems  Command,  the  test  procedures 
are  presently  being  reduced  to  Navy  standard  prac¬ 
tice  documents.  The  high  interest  of  metal  producers  is 
evidenced  by  the  installation  of  DT  test  equipment  in 
a  rapidly  increasing  number  of  industrial  laboratories. 

Neutron  Spectra  Related  to  Radiation  Damage.  Fx- 

perimental  studies  over  several  years  have  pR)vided 
extensive  knowledge  of  radiation  damage  in  struc¬ 
tural  stee's.  This  knowledge  has  been  developed  to 
the  point  where  it  can  be  tipplied  in  sitiustions  in¬ 
volving  opertitional  reactors  as  well  as  in  fundamental 
studies.  One  tif  the  most  important  factors  in  either 
of  these  applications  is  a  definition  of  the  neutron 
envliamment  in  which  a  particular  material  was 


exposed.  I  he  neutron  spectrum  (i.e.,  the  number  and 
distribution  of  neutrons  by  energy)  can  be  changed 
drastically  by  different  components  of  the  reactor, 
such  as  the  fuel  clement,  the  core  structure,  and  the 
coolant  or  moderator.  Thus  it  becomes  extremely 
imptu  tant  lo  define  the  neutron  spectrum  not  o.aly  for 
a  specific  test  reactor  but  also  for  the  reactor  to  which 
the  data  would  be  applied.  Furthermore,  it  is  impera¬ 
tive  to  know  as  much  as  possible  about  the  contribu¬ 
tion  to  damage  by  neutrons  of  vaiious  energy  groups. 

In  order  to  rc:;olve  both  questions,  analyses  ba:ied 
on  advanced  computer  techniques  have  been  made  to 
describe  the  spectra  for  various  reactois  used  in 
inadiation  studies,  and  these  are  then  related  to 
changes  in  the  mechanical  properties  of  metals.  By 
this  priK'edure  it  has  been  possible  to  account  for 
what  appeared  to  be  anomalous  variations  in  radia¬ 
tion  effects  data.  Furthermore,  by  comparing  neutron 
spectra  for  test  reactors  (where  most  experiments 
are  conducted)  with  those  for  power  reactors,  NRl. 
scientists  have  developed  techniques  for  analytical 
adjustment  of  the  experimental  neutron  fluence  values 
to  those  which  would  have  been  received  in  the  actual 
power  reactor.  Such  analyses  permit  a  more  confident 
application  of  radiation  effects  data  to  operating 
reactors. 

The  computer  techniques  for  nejtrop  spectrum 
analysis  have  been  successfully  tes  ed  by  comparing 
embrittlement  data  for  materials  irradiated  in  tes' 
reactors  with  those  for  materials  irradiated  in  power 
reactors.  The  results  have  proved  that  the  usual 
spectrum  at  the  pressure  vessel  of  a  light-water- 
cooled  power  reactor  is  more  damaging  than  that  at 
the  normal  irradiation  position  of  a  test  reactor.  This 
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was  shown  to  be  the  result  ol  a  higher  average  energy 
distribution  of  neutrons  in  power  reactors  and 
required  adjustment  of  test  reactor  embrittlement 
data.  In  this  way  it  has  been  possible  to  use  a  volume 
of  test  reactor  data  to  project  with  confide. ice  the 
embrittlement  of  a  power  re.ictor  pressure  vessel. 

The  computer  spectral  analyses  have  also  permitted 
the  evaluation  of  conventional  approaches  to  the 
definition  of  neutron  exposure  and  suggest  that  the 
procedure  r>f  reporting  the  number  of  neutrons 
having  energies  over  I  million  electron  volts  should 
be  modified  to  include  neutrons  of  energies  above 
million  electron  volts  in  order  to  provide  a  better 
representation  of  the  damage  potential  of  the  environ¬ 
ment. 

The  computer  evaluation  program  has  recently 
been  extended  to  test  a  number  of  different  neutron 
damage  models.  Variations  in  resulting  mechanical 
properties  are  the  standard  by  which  the  different 
computer  codes  defining  neutron  spectra  are  being 
judged. 


SOLID  STATE 

Compensation  for  Thermal  Distortion  in  (ilas.s  lasers. 

principal  obstacle  to  diffraction-limited  laser 
operation  is  thermal  distortion  of  the  glass  rod 
associated  with  nominiform  absorption  of  optical 
pump  radiation.  Optical  pumping  can  raise  the  Ciiergy 
of  the  laser  ions  to  levels  al  ove  the  excited  state- 
required  for  laser  action.  The  ions  subsequently  decay 
to  the  lasing  level  by  a  radiationless  prvKCss  v  hich 
effectively  produces  heat.  Since  the  laser  rod  absorbs 
more  of  the  pump  radiation  near  its  surface  than  at 
its  center,  this  results  in  nonuniform  heating  that 
causes  the  optical  path  length  differences  (distortion) 
in  the  nnl;  accordingly,  the  lase;  rod  exhibits  bire¬ 
fringence  from  the  thermally  induced  stress. 

Scientists  at  NRI  have  developed  a  simple,  ai 
expensive  method  of  compensating  for  therma, 
distortion  produced  by  optical  pumping  It  is  based 
on  control  of  the  temperature  of  the  cooling  water 
that  circulates  through  the  la-.ci  cavity  Control  of 
water  temperature  is  obtained  uy  the  circulation  of 
water  from  fao  reservoirs  into  the  laser  cavity.  I  he 
water  in  one  reservoir  is  a  few  degrees  above  room 
temperature  and  that  in  the  other  a  few  degrees 
below  room  temperature  .Approximately  '()  seconds 
before  the  laser  is  fired,  water  from  the  cooler  supply 
replaces  t)ie  warmer  water  in  the  cavil \ .  I  he  surface 
of  the  rod.  because  it  is  in  contaC  with  the  water. 


Inlcrlcrogiams  ihrough  .1  ncoilv  miiim-glass  laser  rod  before 
pumping  nipper  pieUires'  ,uul  diiiing  pumping  (lower  pic- 
liiies)  I  ell  I  user  loil  is  m  w.ilei  of  consianl  lemperaliirc. 
thus,  neloie  pumping,  ihe  fringes  are  straight  (upper  pic- 
lure).  mdic.iiing  no  disiorlion  Miei  pumping  ilower  picture). 
Iliev  become  dislorled.  Right:  W.iier  lemperalure  is  de¬ 
creased  before  si.ul  .'f  pumping  Muis.  the  fiinges  arc 
initi.illy  curved  nipper  pielure)  bin  become  straight  during 
pumping  ilowei  pieliirc)  when  compe-n-.alion  is  achieved. 


is  cooled  more  rapidly  than  the  center,  and  a  tnermal 
gradient  is  csiablished  which  is  rrpposite  in  sense  to 
that  subsequently  pioduced  by  the  optical  pumping. 

With  opiimura  temperature  control  and  delay  time. 

Ihe  thermal  disiorlirm  caused  by  optical  pumping 
is  eaneeleil 

This  melhorl  of  ihermal  compensation  should  be 
useful  III  any  glass  or  crystalline  laser  system  in 
which  it  is  tlesired  to  improve  the  angular  divergence 
of  the  beam  .As  one  example,  it  has  been  helpful 
In  vrbiainiiig  reproducible  nuHie-locked  laser  pulses 
III  a  neody muim-glass  sysleni. 

Third-Order  Nonlinear  KeHection  Studies.  Recent 
studies  .1  NRI  have  been  diiecied  toward  the  ex¬ 
tension  of  the  laws  of  optics  to  third  order.  .A  third- 
order  optical  process  can  be  produced  by  inducing 
a  nonlinear  polarization  in  proportion  to  the  third 
power  of  the  electric  field  strength  of  a  laser  wave. 

It  is  this  inteniction  which  results  in  the  production 
of  th<  tliird-harnionic  frequency  of  the  laser.  Hat 
monic  radiation  is  usually  studied  by  transmitting  Ihe 
laser  w.ive  through  a  lumline-ai  medium  and  ohserving  49 
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the  collineur  harr  tnic  radiation  which  is  generated. 
In  addition,  there  should  be  a  reflected  harmonic 
wave  from  the  surface  of  the  nonlinear  medium.  Al¬ 
though  there  have  been  a  number  of  previous  in¬ 
vestigations  of  the  generation  of  leHffteJ  sccond- 
harmomc  radiation,  the  work  carried  out  at  NRL 
represents  the  first  demonstration  of  the  generation 
of  a  reflected  third-harmonic  wave. 

The  nonlinear  reflection  experiments  were  carried 
out  by  using  a  neodymium  laser  operating  at  I  06 
microns  and  observing  the  third-harmonic  radiation 
reflet.ted  from  a  liquid  medium  at  0..f53  microns.  The 
liquid  employed  was  hexafluoroacetone  sesquihydratc 
to  which  additions  of  fuchsin  red  dye  were  intro¬ 
duced.  This  medium  was  selected  because  it  is  iso¬ 
tropic,  it  can  withstand  repeated  exposures  to  high- 
intensity  laser  radiation,  and  its  index  of  refraci<on 
can  be  tuned  simply  by  adjusdng  the  concentration 
of  dye  additive. 

The  liquid  was  placed  in  contact  with  a  specialty 
designed  quartz  prism  so  that  the  laser  beam  could  be 
incident  at  the  liquid  surface  in  the  vicinity  of  the 
critical  angle  for  total  internal  reflection.  It  is  pr> 
cisely  at  the  critic;  I  angle  that  one  observes  a  much- 
enhanced,  third-ha TPcnic,  reflected  wave,  particu¬ 
larly  when  the  dye  concentration  is  adjusted  so  that 
the  indices  of  refraction  at  the  frequencies  of  the  laser 
and  of  the  third  harmonic  are  identical  (so-called  phase 
ma'ching).  The  third-harmonic  reflected  signals 
also  were  measured  with  varying  degrees  of  phase 
mismatching  in  the  liquid. 

The  experimental  results  of  tliird-harmonic  re¬ 
flected  radiation  as  a  function  of  angle  of  incidence 
of  the  laser  wave  were  found  to  be  in  good  qualitative 


agreement  with  predictions  from  theory.  A  theoretical 
estimate  of  the  phase  of  the  reflected  third-harmonic 
wave  for  various  angles  of  incidence  was  developed, 
and  the  predicted  nonlinear  phase  shifts  may  now  be 
confirmed  experimentally. 

Atmospheric  Depolarization  of  Laser  Light.  In  1965 
there  were  reports  of  observations  which  indicated 
that  a  polarized  laser  light  beam  would  be  heavily 
modulated  by  the  ati.iosphere.  Such  an  effect  implied 
that  several  proposed  optical  systems  then  under 
study  for  naval  applications  would  not  work.  NRL 
measurements,  however,  ^ver  a  2.3-kilometer  path 
..bowed  no  modulation  of  the  polarized  beam.  The 
equipment  used  for  these  measurements  had  a  sensi¬ 
tivity  of  10  ®  (-60  decibels)  in  terms  of  the  depolariza¬ 
tion  intensity  ratio  (S/N). 

More  recent  measurements  at  NRL  have  been  made 
with  equipment  of  improved  sen'.it'vity  and  precision. 
The  instrumentation  developed  for  this  purpose  is 
capable  of  detecting  depolarization  (or  polarization 
modulation)  with  an  intensity  ratio  of  10  "  (  80  db). 
This  increased  sensitivity  is  achieved  by  the  use  of 
improved  optical  compooeuts  and  an  optical  bridge 
technique  in  which  residual  light  in  the  depolarized, 
or  signal,  channel  (that  of  orthogonal  polarization)  is 
balanced  by  a  small  controllable  fraction  of  the 
polarized  beam  This  technique  also  minimizes  the 
problems  caused  by  scintillation-induced  intensity 
modulation.  This  modulation,  though  severe,  affects 
the  signal  and  reference  channels  equally  and  ;:o  does 
not  change  the  balance  between  them. 

Measurements  so  far  have  been  made  at  night 
through  relatively  clear  air.  Those  made  over  ;•  ri'M)- 
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meter  path  gave  negative  results,  and  it  was  con¬ 
cluded  that  any  atmospheric  depolarization  present 
affected  less  than  10  "  of  the  light  signal.  This  very 
low  figure  shows  that  polarization  modulation  will 
not  be  appreciably  affected  by  the  atmosphere. 


Underwater  Light  Source.  NKL  scientists  have  de¬ 
veloped  a  unique  underwater  searchlight  that  offers 
several  distinct  advantages  not  available  with  con¬ 
ventional  systems  now  in  use.  Its  chief  components 
are  a  2.2-kilovoIt,  short-arc  xenon  lamp,  a  1 0-inch- 
diameter  reflector,  and  an  igniter.  The  light  can  be  ad¬ 
justed  to  form  an  intense,  narrow  beam  for  long¬ 
distance  communications  or  a  diffuse,  broad  pattern 
for  short-distance  illumination. 

One  unusual  feature  of  the  NRL  searchlight  is  that 
the  lamp  and  reflector  are  not  enclosed  in  a  water¬ 
tight  housing.  This  reduces  weight  and  bulk,  eliminates 
the  problems  of  window  leakage  or  breakage,  and 
permits  easy  access  to  the  light  source  elements  for 
adjustment  or  replacement.  Further,  undesirable 
heat  build-up  is  avoided  by  dissipation  of  the  heat 
directly  into  the  water.  Of  equal  importance  is  the 
fact  that  the  light  does  not  pass  through  a  window 
that  could  attenuate  the  beam  and  limit  its  intensity 
and  diameter.  Successful  operation  of  the  searchlight 
under  water  is  effected  by  insulating  the  electrical 
terminals  of  the  lamp  from  the  water  by  means  of 
watertight  connections  and  by  applying  a  water- 
insulating  rubber  coating  over  the  reflective  coating 


Newly  developed  underwater  searchlight  mounted  uhoiu-d 
NRl.'s  midget  submarine,  the  SSX- 1. 


on  the  back  of  the  reflector.  The  lamp  igniter  is  en¬ 
closed  in  a  watertight  housing.  Underwater  cable  is 
used  throughout. 

The  xenon  arc  lamp  has  several  distinct  advantages 
over  an  ordinary  filament  bulb.  It  is  more  efficient 
and  has  a  higher  output  of  the  blue-green  light  to 
which  water  is  most  transparent,  it  can  be  internally 
modulated  for  information  transmission  by  direct 
variation  of  arc  current,  and  it  has  a  higher  intrinsic 
brightness  in  a  smaller  radiating  area  so  that  a  more 
intense,  concentrated  light  beam  can  be  projected. 

The  NRL  searchlight  has  been  operated  success¬ 
fully  in  fresh  and  salt  water.  It  has  seen  considerable 
underwater  service  mounted  atop  NRL’s  midget  sub¬ 
marine,  the  SSX-1.  It  has  been  tested  in  water  pres¬ 
sures  to  ’SO  pounds  per  square  inch  (a  simulated 
depth  of  880  feet).  After  many  hundreds  of  hours  of 
underwater  operation,  it  shows  little  sign  of  deteriora¬ 
tion  and  continues  to  function  satisfactorily. 


Elastic  Constants  Dete.-mined  from  X>Ray  Scattering. 

It  is  of  general  scientific  interest  to  know  both  the 
absolute  values  and  the  directional  variances  of  the 
elastic  constants  of  crystalline  materials.  This  in¬ 
formation  IS  especially  useful  in  the  determination 
of  interatomic  force  constants.  Elastic  constants 
are  usually  determined  experimentally  tfuough 
measurements  of  ultrasonic  wave  attenuation.  In 
this  type  of  measurement,  however,  relatively  large, 
preferentially  oriented,  single  crystals  are  required 

Recently  research  was  undertaken  at  NRL  to 
determine  the  elastic  constants  of  a  small  he  cagonal 
crystal  of  holmium  by  measuring  the  diffuse  scattering 
of  x-rays  wOf,  ’emperature.  The  pattern  of  scattered 
x-radiation  contains  information  concerning  the 
crystalline  lattice  vibrations  and  can  be  analyzed  to 
yield  not  only  the  elastic  constants  but  also  other 
information  pertaining  to  the  frequency  spectrum 
of  the  crystal.  The  measurements  were  made  on  a 
Picker  automated  diffractometer  with  a  highly  mono¬ 
chromatic  x-ray  source.  The  data  were  reduced 
and  incorporated  into  a  computer  program  which 
yielded  all  five  of  the  significant  elastic  constants  of 
the  material. 

This  work  represents  an  improvement  over  ultra¬ 
sonic  techniques  because  extremely  small  single 
crystals  of  arbitrary  orientation  can  be  employed. 

In  addition,  the  automated  technique  should  yield 
results  of  significantly  improved  accuracy  over  those 
obtained  with  older  photographic  methods  of  measur¬ 
ing  thermal  diffuse  scattering  intensiliev  5 
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Negative  Etching  in  Sodium  Fiuoride  Crystaia.  The 
discovery  at  NRL  cf  negative  etching  in  sodium 
fluoride  crystals  has  enabled  NRL  scientists  to  ob¬ 
serve  directly  some  of  the  reactions  of  point  defects 
in  crystals.  Negative  etching  is  the  converse  of  posi¬ 
tive  or  conventional  etching  in  that  pips,  instead  of 
pits,  are  formed  at  preferential  sites.  The  apparent 
sensitivity  of  the  etchant  to  small  concentrations  of 
calcium  impurities  (less  than  10  parts  per  million)  and 
its  negative  action  .nay  be  caused  by  the  cumulative 
natup*  of  its  reaction  with  impurities  whereby  an 
insoiuDie  product  is  formed  that  adheres  to  the  surface 
and  prevents  dissolution. 

In  studies  of  point  defects  in  sodium  fluoride 
crystals,  positive  etching  was  observed  at  individual 
dislocations  and  negative  etching  at  grain  wails. 
The  positively  etched  individual  dislocations  appeared 
as  conical  pits;  the  negatively  etched  grain  walls 
looked  like  black  lines.  In  addition  to  revealing  the 
positions  of  grain  walls,  the  etchant  has  been  found 


Cirain  walls  in  sodium  fluoride.  Negative  etching  has  revealed 
the  initial  position,  the  six  intermediate  psisitions.  ami  the 
final  position  of  the  gram  wall.  whK'h  has  moved  intermittent¬ 
ly  to  the  right  in  response  to  tensile  foacs  fhe'a:  features 
are  revealed  because  the  negai^e  etch  rciKls  with  impurities 
left  behind  when  the  veliK'i'y  of  the  grain  wall  rscccds  a 
52  critical  value 


to  respond  to  the  presence  of  impurity  ..aters  or 
small  precipitates  in  these  crystals.  Thus  negative 
etching  provides  a  new  tool  for  the  study  of  the  be¬ 
havior  of  point  defects  in  crystals. 

High-Pre»ure  Measurements  of  Shear  Strength.  NRL 

scientists  are  studying  the  shear  strength  of  materials 
under  high  pressures  by  means  of  an  inverted  extru¬ 
sion  press.  The  results  of  this  kind  of  measurement 
have  already  found  applications  in  ..'ophysics  and 
are  now  being  used  in  studies  of  dry  lubricants. 

In  cooperation  with  the  Air  Force  Cambridge  Re¬ 
search  Laboratories,  high-pressure  shear  strength 
measurements  have  been  made  on  molecular  crystals 
such  as  solid  argon,  metallic  elements  such  as  copper, 
and  minerals  such  as  olivine.  The  NRL  group  has 
found  that  data  on  these  diverse  materials  all  follow 
a  simple  and  consistent  pattern.  When  the  shear 
strength  is  expressed  as  a  function  of  temperature 
divided  by  the  melting  temperature  of  the  element  at 
shear,  the  data  for  the  members  of  a  given  class  very 
nearly  coincide.  The  melting  temperature  varies  con¬ 
siderably  with  pressure,  as  does  the  shear  modulus 
of  elastic!' 

The  pressure  and  temperature  dependences  of 
the  shear  strength  of  these  several  different  classes 
of  solids  have  been  shown  to  follow  a  simple  semi- 
empirical  equation  which  is  consistent  with  disloca¬ 
tion  theory.  In  organic  and  other  weak  or  low-melting- 
point  materials  the  pressure  effects  tend  to  be  large, 
and  it  Is  among  these  materials  that  many  of  the  dry 
lubricants  are  to  be  found.  These  lubricants  can  be 
subjected  to  very  high  local  pressures  in  many  ap¬ 
plications,  and  their  behavior  under  such  conditions 
should  be  known  and,  if  possible,  understood.  The 
fact  that  the  same  mechanisms  of  shear  seem  to  be 
acting  in  materials  with  such  diverse  types  of  bond¬ 
ing  as  the  noble  gases,  metals,  and  minerals  would 
indicate  that  some  progress  toward  such  understand¬ 
ing  has  been  made. 

Traiulent  RadUtion  EITccIs  in  Quart:  and  Fused 
SiHca.  An  i:npi)rtant  consideration  in  the  design  of 
any  device  of  potential  interest  to  the  Navy  is  its 
performance  in  high-radiation  environments  such  as 
might  be  encountered  in  space  or  in  the  vicinity  of  a 
nuclear  blast  Crystalline  quartz  and  glassy  fused 
silica  (both  are  forms  of  silicon  dioxide.  SiO-l  are 
commonly  used  as  optical  materials  and  in  electronic 
devices.  Consequently,  the  effects  of  nuclear  radia¬ 
tion  on  these  materials  have  been  studied  extensively. 
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Permanent  radiation  damage  has  been  thoroughly 
cataloged,  but  it  is  only  partially  understood.  Transi¬ 
ent  radiation  effects  have  not  been  studied  previously. 

Investigations  are  being  carried  out  at  NRL  to 
determine  the  nature  of  transient  coloration  induced 
in  silicon  dioxide  by  very  short,  extremely  intense 
pulses  of  radiation.  The  pulsed  radiation  being  used 
in  the  present  experiments  has  an  energy  of  600 
thousand  electron  volts  and  a  duration  of  3  nano¬ 
seconds.  Samples  of  quanz  and  fused  silica  are 
maintained  at  a  constant  temperature  (either  300°, 
77°,  or  4.2°K),  and  radiation-induced  coloration  is 
measured  by  observing  the  attenuation  of  a  beam  of 
monochromatic  light  passed  through  the  region  of 
the  sample  where  the  incident  electrons  were  stopped. 
Initial  pulse-induced  attenuations  as  large  as  30  per¬ 
cent  for  fused  silica  and  70  percent  for  quartz  have 
been  observed;  these  decayed  to  less  than  I  percent 
of  their  initial  values  in  about  I  millisecond.  The 
maxima  of  the  transient  absorption  curves  occur  at 
a  wavelength  of  about  2 IS  nanometers.  Thus,  a 
normally  reliable  quartz  optical  device  could  be 
effectively  “blacked  out"  in  the  far  ultraviolet  region 
for  long  as  1  millisecond  if  it  should  be  suddenly 
exposed  to  a  sharp  burst  of  nuclear  radiation. 


Apparatus  used  to  study  transient  optical  effects  induced 
hy  pulsed-electron  irradiation.  The  major  components  are 
light  source  (I).  dewar  and  sample  chamber  (2).  mono- 
chromater  and  detector  (.1).  and  pulsed-electron  source  (4). 


One  of  the  findings  of  the  current  study  is  that  the 
curves  of  transient  absorption  vi-nus  wavelength  are 
nearly  identical  for  crystalline  quartz  and  various 
ultraviolet  grades  of  fused  silica.  Moreover,  these 
curves  closely  resemble  the  pcrmanfnt  absorption 
that  can  be  induced  in  water-free  fused  silica  by  long¬ 
term  exposure  to  intense  radiation.  This  permanent 
absorption  has  been  attributed  by  previous  workers 


to  electrons  trapped  on  dangling  silica  tetrahedral 
orbitals  at  vacant  oxygen  sites.  Defects  of  this  type 
have  been  ti'sign.ued  E'  centers.  From  the  similarity 
of  the  absorption  bands,  it  is  tentatively  concluded  that 
short,  intense  bursts  of  radiation  generate  E'  centers 
in  a  transient  manner  in  all  forms  of  silicon  dioxide. 

Transient  luminescence  of  apparently  intrinsic 
origin  also  has  been  observed  after  pulsed  irradiation. 

Its  decay  is  similar  to  tha'  of  the  transient  absorption; 
therefore,  the  absorption  and  luminescence  are  evi¬ 
dently  caused  by  the  same  transient  defect.  The  pre¬ 
cise  nature  of  this  defect  and  its  relationship  to  the 
stable  E'  center  are  now  being  investigated. 

By  understanding  the  process  of  formation  and 
destruction  of  radiation-induced  defect  centers  in 
these  materials,  NRL  researchers  hope  to  be  able 
to  counter  undesirable  changes  in  physical  properties 
of  the  materials  which  occur  after  their  exposure  to 
high  radiation  doses.  A  case  of  obvious  interest  is 
the  radiation  hardening  of  metai-oxide  semiconductor 
devices,  in  which  silicon  dioxide  normally  forms  the 
oxide  layer. 

Lattice  Vibradons  and  Infrared  Absorption  in  Mixed 
Linear  Chains.  In  recent  years,  much  attention  has 
been  focused  on  the  calculation  of  lattice  vibration 
effects  caused  by  point  impurities.  The  extension  to 
the  more  complicated  case  of  the  general  disordered 
system,  such  as  that  which  occurs  in  glassy  materials, 
has  received  relatively  little  emphasis.  The  defect 
vibration  problem  has  often  been  formulated  in  terms 
of  the  Green's  function  approach,  in  which  the 
changes  in  the  lattice  vibration  s  '<*ctrum  are  expressed 
in  terms  of  the  vibrations  of  thi;  ordered  system.  While 
such  an  approach  can  be  used  for  dilute  impurities,  it 
has  not  proved  ft  .;?  ’Ule  ;  describing  the  general  dis¬ 
ordered  system,  .vltcrnali  /.  the  vibrations  of  some 
simple  disordes'Ctl  systems  can  be  calculated  by  direct 
methods  adaptable  to  high-speed  electronic  computers. 

During  tlx  past  year,  the  lattice  vibrations  and  the 
infrared  absorption  of  mixed  linear  chains  of  the  type 
AjBi  jC  have  been  calculated  as  large  amounts  of 
experimental  data  on  the  infrared  and  Raman  spectra 
of  mixed  crystals  oftypes  C dSxSei  and  Cd^Zn,  xS 
have  been  accumulated.  In  earlier  attempts,  the 
situation  was  oversimplified  by  the  use  of  average 
force  constants  and  masses  rather  than  a  micro¬ 
scopic  lattice  dynamical  approach. 

The  vibration  frequencies  and  atomic  amplitudes 
have  now  been  calculated  by  use  of  a  li'.t’ice  dynamical 
approach  for  mixed  linear  chains.  The  method  is 
an  extension  of  one  developed  earlier  at  nRI  for  53 
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binary  chains.  It  can  be  used  for  any  chain  having 
nearest-neighbor  interactions  and  any  arbitrary 
set  of  masses  and  nearest-neighbor  force  constants. 
This  shows  that  the  lattice  dynamical  approach  is 
quite  practical,  even  for  highly  disordered  systems. 
The  calculated  results  are  in  qualitative  agreement 
with  the  experimental  data. 

Annealing  of  Radiation  Damage  in  Solar  Cells.  Nu¬ 
merous  experiments  carried  out  in  space  and  in  the 
laboratory  have  shown  that  if  a  solar  cell  is  bombarded 
by  electrons  and  protons  there  will  be  a  degradation 
of  its  photoelectric  properties.  In  a  silicon  solar 
cell,  this  radiation  damage  generally  takes  the  form 
of  isolated  point  defects  caused  by  displacements 
of  silicon  atoms.  If,  however,  the  silicon  cel!  is 
bombarded  by  high-energy  protons  and  neutrons,  a 
significant  portion  of  the  radiation  damage  will  be 
in  the  form  of  clusters  of  point  defects.  Post-irradia¬ 
tion  thermal  annealing  studies  at  NRL  have  revealed 
that,  if  the  damaged  cell  is  heated  to  a  sufficiently 
high  temperature,  its  photoelectric  properties  can 
be  restored  almost  completely  to  the  pre-irradiation 
level.  An  important  part  of  this  work  has  been  the 
study  of  the  radiation  damage  process  in  solar  cells 
as  a  function  of  the  bombarding  particle  and  its  energy. 

Thermal  annealing  experiments  with  silicon  single 
crystals  doped  with  boron  have  established  that  a 
broad,  gradual  annealing  stage  between  50°  and 


Annealing  recovery  oi'  the  shurt-cia'uil  current  output  of 
lO-ohm-centimeter.  n-on-p.  silicon  solar  cells  following 
irradiaiion  by  l-Mev  electrons.  4.6-Mev  protons,  and  .tO- 
Mev  electrons  .it  .tt'T.  The  oidinate  shows  ihe  u.ianne.iied 
54  fraction  of  the  short-circuit  current. 


200°C  is  characteristic  of  the  defect  clusters.  The 
annealing  of  isolated  point  defects  produced  by  1- 
million-electron-volt  (Mev)  irradiation  exhibits  an 
annealing  stage  near  380°C. 

Defect  clusters  are  produced  in  silicon  by  a  series 
of  displacements  of  atoms  from  their  normal  lattice 
sites  when  the  energy  imparted  by  the  bombarding 
particle  is  several  times  greater  than  the  displacement 
energy  of  a  silicon  atom  (~25  electron  volts).  When 
the  partition  of  energy  between  ionization  and  dis¬ 
placement  for  recoil  atoms  in  silicon  is  taken  into 
account,  it  is  found  that  only  electrons  of  energies 
greater  than  1 5  Mev  can  produce  significant  numbers 
of  displacements  (~100)  for  cluster  formation. 
Previous  studies  indicate  that  the  influence  of  clusters 
comprising  less  than  this  number  of  displacements 
is  too  small  to  affect  the  electrical  properties  of 
silicon  measurably. 

To  determine  whether  or  not  high-energy  electrons 
would  produce  defect  clusters,  silicon  solar  cells 
of  the  same  type  as  described  above  were  irradiated 
by  electrons  of  30-Mev  energy  at  the  NRL  linear 
accelerator.  It  was  found  that  an  annealing  stage 
appears  over  the  same  temperature  range  as  that 
identified  with  the  breaking  up  of  defect  clusters  in 
proton-  and  neutron-irradiated  solar  cells.  The 
similarity  of  the  results  for  protons  and  high-energy 
electrons  indicates  that  higher  energy  electrons  do 
indeed  produce  defect  clusters  in  silicon  and  that 
30-Mev  electrons  can  be  used  to  simulate  proton 
damage.  Further  studies  established  that  this  anneal¬ 
ing  stage  is  independent  of  the  dopant  j;  'd  in  solar 
cells  or  of  the  concentration  of  reti'^ual  oxygen 
impurity  present. 


High-Pressure  Transition  In  Bismuth.  The  structural 
transition  in  bismuth  under  pressure,  with  the  ac¬ 
companying  changes  in  electrical  resistance,  have 
been  widely  used  for  the  past  20  years  as  calibration 
points  for  high-pressure  equipment.  The  Bi  II I- V 
transition,  occurring  at  about  88  kilobars,  has  been 
especially  valuable  as  a  fixed  point  for  equipment 
designed  to  operate  in  the  100-  to  2G0-kilobar  region, 
in  which  calibration  points  are  fewer  and  much  less 
well  defined.  The  x-ray-equipped  tetrahedral  press 
recently  installed  at  NRL  has  been  used  to  make  an 
independent  determination  of  t.his  point,  because  its 
value  has  been  broug.ht  into  question  by  the  results 
of  recent  measurements  at  Brigham  Young  Univer¬ 
sity.  The  university  scientists  announced  that  this 
transition  actually  occurs  at  75.4  kilobars.  a  15- 
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A  scientist  uses  NRL's  tetrahedral  press 
and  associated  x-ray  equipment  to  study 
the  structural  transition  of  bismuth 
under  pressure.  The  newly  installed 
research  tool  is  capable  of  producing 
pressures  of  over  100.000  atmospheres 
(100  kilobars)  in  a  volume  of  I  cubic 
inch. 


percent  shift  downward,  based  on  measurements 
made  with  a  similar  press. 

The  NRL  measurements  established  a  value  of 
74.0  kilobars.  The  experimental  procedure  was 
substantially  the  same  as  that  used  at  Brigham  Young. 
A  bismuth  wire  was  imbedded  in  a  matrix  of  sodium 
chloride,  and  both  were  held  at  the  center  of  a  boron- 
plastic  specimen  holder  olaced  in  the  press.  The  re¬ 
sistance  (' '  the  bismuth  was  monitored  as  a  function 
of  pressure,  and  the  pressure  was  determined  by  ob¬ 
serving  the  change  in  the  lattice  constant  of  the 
sodium  chloride  as  derived  from  its  x-ray  diffraction 
pattern. 

The  resulting  value,  based  on  only  two  runs,  was 
slightly  below  the  value  of  7.^.4  obtained  at  Brigham 
Young  but  could  nevertheless  be  considered  corrob¬ 
orative.  A  working  value  of  77  ±  3  kilobars  was  sub¬ 
sequently  agreed  upon  at  the  National  Bureau  of 
Standards'  Conference  on  the  High-Pressure  Environ¬ 
ment  held  in  October  1968.  and  the  NRL  value  was 
included  in  these  deliberations.  In  addition  to  being 
quite  timely,  these  experiments  were  of  value  in 
testing  the  new  press  and  indicating  areas  where  its 
operation  could  be  improved. 

Ammonium  Halide  Lumincfcence.  The  intrinsic 
luminescent  properties  of  alkali  halide  crystals  at 
low  temperatures  have  been  investigated  for  some 
time.  Through  a  series  of  experi.-nenls  that  included 
measuring  the  polarization  characteristics  of  the  lu¬ 
minescence.  NRL  scientists  have  identified  the  center 
as  a  "self-trapped  exciton."  This  center  may  be 


regarded  simply  as  a  localized  hahde-ion  pair  in  a 
bonding  excited  state.  The  emission  data  are  con¬ 
sistent  with  theoretical  interpretations  based  on  the 
electronic  states  that  arise  in  such  a  center. 

Recent  efforts  at  NRL  have  extended  these  studies 
to  include  ammonium  halide  crystals.  One  reason 
for  investigating  the  ammonium  halides  is  that  they 
have  the  body-centsred-cubic  structure  in  the  low- 
temperature  phase  as  compared  with  the  face- 
centered-cubic  structure  of  most  alkali  halides.  A 
more  practical  reason  for  investigating  radiation 
effects  in  ammonium  halides  is  that  their  high  hydro¬ 
gen  content  makes  them  promising  candidates  for  use 
in  fast-neutron  dosimetry. 

Under  continuous  x-ray  excitation  at  4°  and  77°K, 
a  single  broad  emission  band  was  observed  at  wave¬ 
lengths  of  2,550A  in  ammonium  chloride,  2,950A  in 
ammonium  bromide,  and  3.300A  in  rmmonium  iodide. 

By  correlating  the  polarization  of  the  luminescence 
with  the  orientation  of  self-trapped  holes  (a  bound 
pair  of  nearest-neighbor  halide  ions  with  a  single 
electron  deficiency),  the  source  of  the  luminescence 
has  been  identified  as  a  self-trapped  exciton.  similar 
to  that  previously  found  in  the  alkali  halides.  By 
measuring  the  decay  time  of  the  luminescence  after 
pulsed  x-ray  excitation,  it  was  found  that  the  2.950A 
band  in  ammonium  bromide  consists  of  two  over¬ 
lapping  emissions  of  almost  identical  energy  and 
ftand  shape. 

.A  technique  was  developed  in  the  course  of  these 
experiments  whereby  the  individual  polarizations 
of  overlapping  hitnds  could  be  measured  by  resolving  55 
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them  on  a  time  scale  when  they  could  not  be  resolved 
spectrally.  One  component  has  a  lifetime  of  the  order 
of  10  nanoseconds  and  has  its  electric  vector  parallel 
to  the  halide-ion  pair  axis.  The  other  component 
is  polarized  perpendicularly  to  the  pair  axis  and  has 
a  stronger  lifetime  of  800  nanoseconds.  A  comparison 
of  the  properties  of  these  transitions  with  those  ob¬ 
served  in  the  alkali  halides  led  to  the  conclusion  that 
the  self-trapped  exciton  states  are  essentially  the  same 
in  the  two  materials.  In  particular,  a  singlet  state 
evidently  initiates  the  10-nanosecond  allowed  transi¬ 
tion,  while  a  triplet  state  initiates  the  long-lived  or 
forbidden  transition.  Magneto-optic  experiments  now 
being  conducted  are  expected  to  yield  more  detailed 
information  about  the  nature  of  these  states. 

Impurity-Perturbed  Defect  Centers  in  /ilkali  Halides. 
The  effects  of  radiation  damage  have  been  exten¬ 
sively  investigated  in  the  alkali  hilide  crystals, 
and  the  simplest  and  best-known  atomic  defect 
has  been  found  to  be  the  F  center,  an  electron 
trapped  at  a  negative  ion  vacancy.  One  of  the  more 
interesting  aspects  of  the  F  centei’s  behavior  is 
its  ability,  as  a  result  of  optical  excitation,  to  move 
through  the  lattice  and  to  aggregate  or  become 
trapped  at  other  defects.  In  inters ionally  doped 
samples,  the  most  common  of  these  compound  defects 
is  the  F.4  center,  an  F  center  with  a  foreign  alkali 
ion  at  a  nearest-neighbor  site.  The  impurity  ion  next 
to  the  F  center  has  proved  to  be  a  very  sensitive 
atomic-sized  probe  for  studying  the  tffect  of  static 
perturbations  on  the  F  center.  For  ej  ample,  the  F 
center  has  one  optical  absorption  corresponding  to 
its  ls-2p  transition,  whereas  the  F.<  center  has  two, 
one  of  which  lies  on  the  low-energy  side  jf  the  F  band. 
The  difference  arises  from  a  partial  removal  of  a 
degeneracy  of  the  F-center  2p  state  by  the  alkali  ion. 

Scientists  at  NRL  have  now  successfully  produced 
and  identified  two  new  impurity-associnted  defects 


F  center 
+  -  +  -  + 


F*  center 


-  +  -  +  - 


which  are  of  primary  importance  in  heavily  doped 
crystals.  One  is  referred  to  a.s  the  Fs  center,  which 
in  potassium  chloride  may  be  a  linear  array  consisting 
of  an  F  center  located  between  two  sodium  ions,  and 
the  other  is  the  Fc  center,  which  is  evidently  three 
nearest-neighbor  sodium  ions  forming  an  isosceles 
triangle  around  an  F  center.  Among  :heir  interesting 
properties  is  the  fact  that  each  cp’'.t.ei-  has  an  absorp¬ 
tion  twice  as  far  into  the  infrared  region’  as  that  for  the 
F,  center,  evidently  because  the  2:>  function  now 
interacts  equally  with  two  or  more  sodium  ions. 

Vi  Centers  in  Alkali  Halide  Crystals.  Pi  ogress  has 
been  made  in  the  understanding  o^  radiation  damage 
mechanisms  by  studying  their  effects  in  simple  mate¬ 
rials.  Since  the  alkali  halides  are  among  the  simplest 
ionic  solids,  they  have  been  subjected  to  close  scru¬ 
tiny  for  several  decades.  Among  the  multitude  of 
defect  centers  produced  by  ionizing  radiation  in  these 
crystalline  materials,  one  of  the  basic  a'.omic  con¬ 
figurations  consists  simply  of  a  halogen  atom  at  an 
interstitial  position  in  the  crystal  lattice.  At  low 
temperatures,  covalent  bonding  occurs  between  the 
interstitial  atom  and  its  nearest  anion  neighbors, 
forming,  in  the  case  of  potassium  chloride  (KCI) 
below  40®K,  the  linear  molecule-ion  CU’’.  called  the 
H  center.  This  defect  H  center  can  absorb  light, 
making  it  a  “color  center."  Because  it  has  an  un¬ 
paired  electron,  i,  is  paramagnetic. 

Recent  optical  evidence  indicated  that  the  inter¬ 
stitial  halogen  atom  tends  to  be  located  adjacent  to 
a  substitutional  impurity  alkali  ion.  Electron  para¬ 
magnetic  resonance  (EPR)  measurements  at  NRL 
have  corroborated  this  identification  and  have  pro¬ 
vided  the  first  detailed  description  of  the  structure 
of  this  impurity-associated  defect  center,  designated 
V|.  In  potassium  chloride  it  is  found  that  the  presence 
of  the  substitutional  impurity  ion  bends  the  bond  axis 
of  the  two  central  chlorine  atoms  of  the  CIF  mole¬ 
cule-ion  by  about  .S  degrees  from  the  normal  lattice 
angle.  Further,  the  unpaired  electron  distribution  is 
strongly  perturbed  from  its  condition  in  the  normal, 
linear,  CIF  H  center.  The  interstitial  Cl”  of  the  V, 
center  can  be  stimulated  within  its  optical  absorption 
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Schcmaiic  lepiewrliilktp  of  L  ccnler^  in  pola>sium  chloride  litllicc  fhe  f 
center  i*  tn  eicciron  trapped  ul  the  site  of  n chloride  ion  vucancy.  The  K,.  t  ,.  jnd 
y,  centers  arc.  re^peclivclv,  an  I  center  vkllh  ore.  Imo.  and  three  'dium  lon^ 
^uhslltuIc  i  at  neweM  neiahhorpi'iasNium  sitC'  I  he  poiaoiiuni  lon^  arc  represent¬ 
ed  h>  plus  signs,  the  chlorine  ions  by  minus  signs 


56 


MATERIALS 


An  electron  paramagnetic  resonance  spectrometer  is  used 
to  determine  the  structure  of  radiation-induced  defect 
centers  in  potassium  chloride. 


V,  I'fNTtB  H  CfSTEB 


Models  of  H  and  \  i  centers  in  potassium  chloiide.  I  he 
bending  of  the  bond  asis  in  the  \  i  cenicr  is  due  to  a  sub- 
siiiiilional  sodium  impuritv  ion 


band  to  move  from  the  vicinity  of  its  asstreiated 
impurity  ion,  and  these  changes  ;tre  seen  directly  by 
HPR.  Another  type  of  motion  observed  is  one  in  which 
the  interstitial  atom  moves  only  among  sites  neigh¬ 
boring  the  impurity  atom. 

This  study  tif  impurity -assiKiiited  defect  centers 
in  alkali  halides  constitutes  one  further  step  toward 
the  understanding  of  radiation  damage  in  more  ci>m- 
ples.  and  impure,  materials. 

lairt*  Zero-Point  Spin  deviations  in  an  AntifcrroinaR- 
net.  .Antifcrrt>magnetic  materials  have  potential 
application  as  coi:.,H)ncnts  of  inf.arcd  and  millimeter- 
wave  devices.  Ihc  magnetic  properties  of  these 
materials  arc  under  continuing  investigation  at  NRi 
In  t>ne  aspect  of  these  studies,  the  elusive  and  difhctill- 
to-measurc  phenomenon  known  as  "/crt»-poini  spin 


deviation”  (i.e.,  the  deviation,  at  the  absolute  .tero 
of  temperature,  of  the  sublattice  magnetization  in  an 
antiferromagnet  from  that  in  a  “corresponding” 
ferromagnet)  has  been  determined  by  resonance 
methods.  The  material  used  w'as  K2MnF4,  which  has 
the  important  virtue  of  an  ideal,  two-dimensional, 
antiferromagnetic  structure.  Previous  determinations 
of  such  a  spin  deviation  have  been  qualitative  at 
most  because  the  materials  measured  had  three- 
dimensional  antiferromagnetic  structures  in  which 
the  spin  deviations  are  intrinsically  small  and  partly 
obscured  by  various  perturbations. 

For  this  determination,  the  values  of  the  transferred 
hyperfine  interactions  (which  result  from  interactions 
between  the  electrons  and  the  '"F  nuclei)  were 
obtained  from  electron  spin  resonance  (ESR)  mea¬ 
surements  on  K2ZnF4  (which  is  isomorphous  with 
KiMnFi)  doped  with  Mn**  and  from  nuclear  magnetic 
resonance  (NMR)  measurements  c  i  tae  '®F  nuclei 
in  KjMnF4.  The  spin  deviation  deduced  from  the 
combined  ESR  and  NMR  results  was  found  to  be 
large  and  in  good  agreement  with  theory. 

Vibrations  of  .Atoms  in  Solids -Localized  or  Extended? 

The  first  paper  on  the  vibration  of  atoms  in  solids 
is  still  the  most  famous  one;  Einstein,  in  1906.  as¬ 
sumed  that  all  atoms  move  about  their  equilibrium 
positions  at  the  same  frequency.  By  taking  Planck’s 
hypothesis  of  quantized  energy  states  seriously,  he 
was  then  able  to  explain  the  formerly  mysterious 
deviation  of  the  specific  heat  of  solids  from  the 
classically  expected  value  and  thus  provided  one  of 
the  early  ..onfirmations  of  quantum  theory.  Although 
his  far-reaching  conclusions  were  found  valid,  the 
detailed  miHlel  for  atomic  vibiutions  was  over¬ 
simplified.  In  fact,  each  atom  is  not  tied  to  some 
fictitious  “hitching  post"  liKated  at  its  equilibrium 
position:  it  is  bonded  to  other  neighboring  atoms, 
and  the  forces  that  control  one  atom’s  motion  depend 
not  only  on  its  own  displacement  but  also  on  the  dis¬ 
placements  of  its  neighboring  atoms  and,  indirectly, 
on  those  of  all  the  atoms  in  the  sol'd.  As  shown  by 
Horn  and  Von  Karman  i.n  1911.  the  resulting  atomic 
motions  in  “ordered"  solids  (i.e.,  in  crystal.v)  arc 
thus  fttf  from  localized;  rather,  they  are  of  the  nature 
of  waves  penetrating  the  entire  solid  i  hc  extensive 
field  of  "lattice  dynamics,"  developed  over  the  past 
few  decades  at  NRI  and  elsewhere,  is  based  on  this 
view . 

It  is  only  recently  that  livali/ed  vibrations  have 
been  observed  and  studied  again,  i  hey  have  been 
found  to  .  ccur  in  solids  containing  impurities  that  57 
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are  the  lighter  atoms  of  the  host  lattice.  The  localized- 
vibration  approach,  which  is  inherently  simpler  than 
the  ordinary  theory  of  lattice  dynamics,  has  now  been 
justified  also  for  disordered  solids,  such  as  alloys 
and  mixed  crystals,  that  contain  more  than  one  species 
of  atoms  in  an  irregular  sequence  but  in  an  ordered 
matrix.  These  vibrations  can  be  investigated  easily 
in  detail  by  studying  the  vibrations  of  very  small 
solids.  It  has  been  observed  that  local  vibrations 
appear  whenever  a  group  of  atoms  contains  light 
atoms  bounded  by  a  sufficient  number  of  heavy  atoms. 
(The  number  that  is  “sufficient”  depends  on  force 
model,  mass  ratio,  and  dimensionality,  but  it  is 
generally  small.)  The  density  of  these  local  modes  of 
vibration  that  would  appear  in  the  spectrum  of  the 
large  solid  can  then  be  computed  from  the  probability 
of  the  occurrence  in  the  large  solid  of  the  small  con¬ 
figuration  of  masses  that  produces  each.  Detailed 
calculations  for  one-dimensional  models  have  given 
results  in  agieement  with  previously  observed  peaks 
in  the  frequency  distribution.  Similar  features  have 
been  predicted  for  two-  and  three-dimensional  struc¬ 
tures,  but  their  intensity,  compared  with  the  con¬ 
tinuous  part  of  the  spectrum,  has  been  smaller. 

It  is  intriguing  that  localized  vibrations  have  been 
observed  again,  and  as  a  rntyor  component  of  the 
vibrational  spectra  of  disordered  solids.  The  spectra 
of  these  solids  were  expected  to  be  particular!;  com¬ 
plex.  Their  comparative  simplicity  imp.roves  the 
outlook  fur  the  success  of  further  studies  of  the 
lattice  vibrations  of  disordered  solids. 


Exchange  Coupling  of  Magnetic  Ions.  The  properties 
of  magnetic  crystals  have  been  extensively  exploited 
in  various  microwave  devices.  The  existence  of  these 
useful  properties  depends  on  the  spatial  ordering  of 
the  spins,  caused  by  the  exchange  interaction  between 
pairs  of  nearby  magnetic  ions,  that  occurs  in  these 
materials.  In  the  simplest  casc>,  this  exchange 
interaction  is  described  matltcmatically  by  the 
Heisenberg  hamiltonian  IX  -  J  Si  Si.  where  J  is  the 
exchange  constant.  Th<s  isotropic  expression  is 
especially  accurate  for  S-siate  ions,  such  as  Mn'*. 
which  have  no  orbital  ai^ular  momentum.  The  value 
of  J  can  be  determined  for  a  given  compound  from 
macmscopk  magnetic  measurements.  The  J  value 
obiaired.  however,  is  rathe  dependent  on  the  iinpor- 
Unce  attributed  to  exchange  interactions  with  mag¬ 
netic  ions  more  distant  than  nearest  neighbex-s.  As 
a  result,  iiiiv  method  which  directly  measures  this 
58  exchange  interaction  for  a  known  pair  of  ions  allows 


TEMPERATURE  (‘K) 

Typical  e.jctron  paramagnetic  resonance  da'ta 
used  to  Jelermiiie  the  exchange  constant  J  of 
exchange-coupled  Mn**  pairs  in  KZnFaiMn’*. 
The  population  of  the  S  =  1  state  (ratii  of  pair  to 
single  ion  intensity)  of  a  nearest-neighbor  Mn** 
pair  is  plotted  as  a  function  of  temperature  and 
compared  with  the  theoretical  expression  for  that 
state  (solid  line).  The  value  J  =  -l-9.67‘'K  is  found 
from  a  least-square  fit  of  the  data  to  theory. 


an  evaluation  of  the  theoretical  calculations  which 
are  now  becoming  possible. 

With  this  end  in  view,  the  electron  paramagnetic 
resonance  of  exchange-coupled  pairs  of  Mn’*  ions 
has  been  observed  in  Mn**-doped  KZnFs,  which 
has  a  cubic  perovskite  structure.  The  Mn:Zn  ratio 
used  was  approximately  0.01.  The  angular  depen¬ 
dence  of  the  Mn*^  pair  spectrum  showed  that  the  pair 
axes  are  along  the  three  cube  edges.  Thus  the  Mn** 
pairs  are  nearest  magnetic  neighbors  and  are  expected 
to  be  antiferromagnetically  coupled.  From  the 
temperature  dependence  of  tlic  intensity  of  selected 
pair  lines  in  the  region  of  1.5°  to  25°K,  the  exchange 
constant  J  is  four.d  to  be  -i-9.9°K.  a  value  in  good 
agreement  with  the  magnetic  properties  of  cure 
KMnFj.  This  agreement  confirms  the  assumption, 
which  was  based  on  the  unusual  crystallographic 
structure  of  KMnFj,  that  only  nearest- neighbor 
exchange  interactions  are  important  in  that  material. 


Potential  Electrolyte  for  a  Tmly  Dry  Cell.  The  usual 
dry  cell  is  dry  only  on  the  outside.  Inside  of  the  cell  is 
a  paste-like  electrolyte,  which  enables  the  cell  to 
discharge  when  not  in  use.  This  umtesirable  charac¬ 
teristic.  among  others,  has  led  to  an  increased  tempo, 
on  the  part  of  military  and  civilian  users  alike,  in 
(he  search  for  new  battery  materials.  In  recen*  years, 
several  batteries  have  been  developed  that  contain 
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An  NRL  scientist  measures  the  ionic  conductivity  of 
ammonium  chloride  single  crystals  at  elevated  temperatures. 
These  and  similar  materials  have  potential  use  as  solid 
electrolytes  in  dry  cell  batteries. 


solid  electrolytes  having  high  ionic  conductivity  and 
little  or  no  electronic  conductivity. 

NRL  scientists  have  been  studying  the  ionic  con¬ 
ductivity  of  several  solids  in  the  alkali  and  ammonium 
halide  families.  The  results  of  their  experiments  have 
provided  new  insights  into  the  atomistic  mechanisms 
that  permit  ions  to  move  through  the  lattices  of  ionic 
crystals.  This  work  has  given  evidence  for  interac¬ 
tions  between  the  charge  carriers,  for  the  influence 
of  the  thermal  vibrations  of  the  ions,  and  for  the 
possible  existence  of  single,  double,  and  even  triple 
lattice  vacancies 

Most  recently,  the  NRI.  scientists  have  measured 
the  ionic  conduction  of  ammonium  chloride  single 
crystals  in  their  reguhir  (NH^CI)  and  deuterated 
(NDiC'l)  forms,  during  which  the  relatively  nipid 
motion  of  the  hydrogen  ion  was  verified.  T  he  practi¬ 
cal  application  of  this  material  in  a  solid  state  battery 
will  require  further  study. 

DiwliBrtfr  hr  Higli-Emrgy  PittMd  RadMioii.  For 

the  hist  time,  a  dosimeter  has  been  developed  which 
can  he  used  to  measure  doses  deposited  in  material 
b)  very  short  pulses  ( 1(K1  mK  roseconds  or  less)  of 


high-energy  ionizing  radiation,  its  piinciple  of  oper¬ 
ation  is  the  optical  fluorescence  produced  when  ioniz¬ 
ing  radiation  is  absorbed  in  dilute  ruby  (AljOj  with  a 
chromium  content  of  about  0.001  percent).  The  flu¬ 
orescence  observed  is  at  wavelengths  of  6,943A  and 
6,929A  (commonly  known  as  the  R  lines)  and  has  a 
lifetime  of  3  milliseconds. 

In  the  experimental  arrangement,  a  ruby  crystal  is 
exposed  to  the  same  pulse  of  ionizing  radiation  that 
passes  through  a  test  material.  The  resulting  ruby 
fluorescence  is  detected  by  a  photomultiplier  (out  of 
the  direct  path  of  the  radiation  beam),  displayed  on  a 
fast  oscilloscope,  and  recorded  photographically. 
In  this  application  of  the  dosimeter,  a  light  shield 
is  used  to  prevent  spurious  fluorescence  from  inter¬ 
fering  with  the  dose  measurement.  For  situations  in 
which  the  radiation  does  not  penetrate  the  test 
materi^d,  the  ruby  dosimeter  may  be  placed  else¬ 
where  in  the  radiation  held. 
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Diagram  of  NRI  '>  ruby  dmimeter  sysicin  used  lo  meuvurc 
dow".  de|K«ilcd  in  maieniJs  by  very  short  pulses  of  high 
energy  loni/jng  ntdialion  I  he  cleciron  beam  imp'nges  on 
the  ruby  dosinelcr  t  he  R-linc  nuofcscence  is  delecled  by 
the  optically  hitered  mulliplier  and  coupled  by  an  cmilier 
folU-wer  I  >  the  oscilloscope. 


.A  olot  of  fluorescence  intensity  imni  dose  is  linear 
when  the  intensity  is  measured  I  millisecond  after  a 
0. .'-microsecond  linear-accelerator  pulse  of  .U)  mil¬ 
lion  electron  volts.  The  I -millisecond  delay  avoids 
radiation  induced  detector  noise  that  generally  cKCurs 
during  the  first  few  hundred  mkroseconds.  T  he  linear 
relationship  of  the  fluorescence  intensity  with  dose 
makes  i!  possible  to  use  ihe  phoiomulliplier  respsinse 
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as  a  direct  measure  of  the  relative  dose  delivered. 
This  linearity  was  found  to  hold  for  absorbed  doses 
up  to  I  X  10*  rads  (ruby)  per  pulse,  th;  maximum 
attained  on  the  NRL  linear  accelerator. 

The  two  distinct  advantages  of  this  dosimeter  are 
that  the  dose  can  be  determined  immediately  and 
that  the  dosimeter  is  reusable  without  any  treat¬ 
ment,  at  least  for  cumulative  doses  up  to  10*  rads 
(ruby). 


Ekctronk  Traaeport  Pbcnoiiiena  lo  Simple  Mcu^. 

Understanding  the  electrical  resistivity  of  metals 
at  low  temperatures  and  the  increase  of  this  resistivity 
due  to  magnetic  fields  (i.e.,  magnetoresistance)  con¬ 
stitutes  one  of  the  most  fundamental  problems  of 
solid  state  physics.  The  theory  of  these  transport 
phenomena  (charge  motions)  requires  detailed  knowl¬ 
edge  concerning  the  anisotropy  of  the  intriiisic 
parameters  of  both  the  electronic  band  structure  with 
its  associated  Fermi  surface  and  the  electronic  scat¬ 
tering  mechanisms  responsible  for  the  mean  free 
path.  The  scattering  mechanisms  responsible  for  the 
mean  free  path  and  its  anisotropy  are  of  great  interest 
in  solid  state  physics,  but  very  little  progress  has 
been  made  in  undenuoiding  these  mechanisms 
because  definitive  experiments  have  been  lacking. 
Values  for  the  Fermi-surfacc  mean-free-path 
parameters  cannot  be  obtained  separately  from 
resistivity  measurements  made  in  the  absence  of  a 
magnetic  field  (H).  Field-tree  measurements  yield 
only  a  combination  of  their  values  and,  further¬ 
more.  only  the  average  of  their  combined  magnitude. 
Magnetoresistance  measurements  at  high  H,  however, 
can  determine  the  anisotropy  of  these  comMned 
parametera. 

Over  the  past  decade,  intensive  research  on  metals 
has  produced  a  virtual  explosion  of  experimental  and 
theoretical  information  which  Iocs  provide  the 
desired  Fermi-surface  parameten  separately.  All 
non-Group  i  metals  have  multiple  Fermi  surfaces 
with  very  complex  shapes  and  are  extremely  rhfficult 
to  treat  theoretically.  Each  of  the  Group  I  meuls 
has  only  a  single  Fermi  surface.  While  the  Fermi 
surface  shape  for  the  noble  metals  is  still  somewhat 
complex,  for  sodium  or  potassium  it  is  very  simple 
and  is  spherica.1  to  O.I  percent  Thus,  sodium  or 
potassium  closely  approximate  a  (ree-electron  metal 
and  should  be  most  suitable  for  theoretical  treatments. 

Standard  mi^pictorcsistarKc  theories  have  been 
extraordtnaiy  successful  in  qualitaiivth  explaining 
6C  the  principal  characteristics  of  the  magnetoresistance 


for  the  simple  noble  metals  as  well  as  for  the  complex, 
non-Group  I  metals.  For  40  years  these  theories  have 
repeatedly  predicted  that  the  magnetoresistance 
should  bMome  independent  of  H  (i.e.,  saturate)  at 
high  H  for  such  free-electron  metals  as  sodium  and 
potassium.  Until  this  year,  however,  all  attempts 
to  verify  this  saturation  theory  revealed  only  linear 
behavior. 

NRL  scientists  had  been  studying  the  magneto¬ 
resistance  of  pure  metals  at  extremely  low  temper¬ 
atures  in  order  to  identify  the  best  conductors  for 
cryogenic  magnets.  As  an  outgrowth  of  this  study, 
experimental  techniques  developed  for  observing 
the  intrinsic  saturating  behavior  greatly  reduced 
the  magnitude  of  the  macroscopic  linear  effects.  They 
also  showed  that  the  magnetoresistance  of  potassium 
would  exhibit  the  long-sought  intrinsic  saturating 
behavior,  which  until  now  has  been  well  masked  by 
the  superimposed,  overwhelmingly  linear  be.havior. 
The  percentage  of  the  resistance  from  H  =  0  to 
saturation,  (dR/Ro)i,  was  at  least  100  times  smaller 
for  potassium  than  the  (AR/Rolt  values  observed 
previously  for  more  complex  nwtals.  The  masking 
linear  behavior  was  found  to  be  caused  by  macro¬ 
scopic  rather  than  intrinsic  phenomena.  These  macro¬ 
scopic  phenomena  are  the  distortions  of  the  electric 
field  and  the  potential  distributions  in  a  magnetic  field 
caused  by  nonuniform  current  distributio''s  and  the  ef¬ 
fects  of  the  sample  geometry.  The  distortions  give  rise 
to  a  magnetoresistive  voltage  proportional  to  the 
absolute  value  of  the  Hall  voltage,  which  is  linear. 

The  quantity  (AR/Rg),  is  a  direct  measure  of  the 
combined  anisotropies  of  the  Fermi  surface  ard  the 


Reiisuncc  migt>et>c  KcM  for  potainum  M  4.2*K 

The  goM  curve  iiwiicatei  both  a  aaluralins  and  a  linear 
behavior.  The  dashed  line  repreienis  (he  hnear  con^>onem 
of  the  suM  curve. 
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mean-free-path.  The  very  small  observed  values  of 
(AR/Ro),  are  still  100  to  1,000  times  too  large  to  be 
explained  by  the  accurately  known  Fei-mi-surface 
anisotropy  of  about  0.1  percent.  Therefore,  the 
observed  (AR/Ro)i  must  be  due  to  a  large  mean-free- 
path  anisotropy.  This  can  most  probably  be  attnbuted 
to  electron-phonon  scattering  anisotropy  caused  by 
the  highly  anisotropic  phonon  dispersion  recently 
revealed  in  measurements  of  potassium.  The  current 
experiments  ^‘.present  a  breakthrough  in  obtaining 
the  quantitative  mean-free-path  information  neces¬ 
sary  for  a  more  complete  understanding  of  the  funda¬ 
mental  theory  of  electrical  resistivity  and  magneto¬ 
resistance. 

EIcctrciik  Impurity  States  and  Optical  Phonons  in 
Scmkondiicton.  As  an  outgrowth  of  research  on  far- 
infrared  detectors,  an  investigation  has  been  made 
of  the  coupling  of  electronic  impurity  states  in  semi¬ 
conductors  to  the  thermal  vibrations  of  the  iens. 
Certain  of  the  thermal  vibrations  are  characterized 
by  the  ions  of  opposite  charge  moving  in  opposite 
directions,  so  that  a  macroscopic  electric  field  is 
produced  during  the  vibration.  Because  of  their 
macroscopic  electric  field,  these  particular  thermal 
vibutions,  known  as  longitudinal  optical  phonons, 
sti<  igly  scatter  charge  carriers  such  as  electrons 
or  holes.  This  scattering  is  an  important  factor  in 
determining  the  electrical  resistivity  of  the  material 
and  its  performance  in  devices. 

When  a  senuconductor  is  p<aced  in  an  external 
magnetic  field,  the  conduction  electrons  execute 
circular  orbits  and  may  absorb  or  emit  electromagnetic 
radiation,  a  phenomenon  called  cyclotron  resonance. 
Fur  n-type  indium  aniimonide  (InSb)  in  magnetic 
fields  between  10  and  100  kilogauss,  cyclotron  res¬ 
onance  occurs  in  the  infrareti  spectral  region.  When 
the  InSb  is  cooled  to  liquid  helium  temperature, 
the  conduci’o.n  electrons  become  localized  at  impuri¬ 
ties.  the  cyclotron  resonance  line  is  shifted  to  a 
higher  frequency. 

If  the  magnetic  field  is  a4)uste  J  so  that  the  impurity 
shifted  cyclotron  resonance  frequency  coiiKidcs  with 
the  hequency  of  the  longiti>dina!  optical  phoiwns. 
one  may  expect  interesting  effects  arising  from  the 
interaction  of  the  impunty  electrons  with  the  macro¬ 
scopic  electric  field  of  the  phonons  NRL  scientists 
have  carried  out  such  an  experiment  using  n-type 
InSb  and  have  found  that  the  impurity-shifted  cyclo¬ 
tron  resonance  lire  is  split  into  as  many  as  six  sub¬ 
sidiary  peaks.  This  splitting  is  striking  confirmation 
of  the  importance  of  (he  coupting  of  the  impunty 


electron  to  the  longitudinal  optical  phonons  and 
corresponds  to  scattering  of  the  electron  by  the 
phonons  from  an  excited  intermediate  state  to  a 
number  of  discrete  final  states  of  the  impurity. 

In  a  related  investigation  NRL  scientists  have 
further  shown  that  electrons  in  InSb  are  not  strongly 
coupled  to  transverse  optical  phonons  which,  in 
contrast  to  longitudinal  optical  phonons,  are  not 
accompanied  by  a  macroscopic  electric  field  This 
result  demonstrates  the  importance  of  the  macro¬ 
scopic  electric  held  in  the  scattering  of  current  carriers 
by  phonons. 

STRUCTURE  OP  MATTER 

A  Molecular  Trap.  Inclusion  compounds  are  defined 
as  molecular  combinations  in  which  one  component, 
the  “guest,*'  fits  into  a  cavity  in  the  other,  the  “host.'* 
When  the  cavity  is  a  three-dimensional  enclosure 
that  traps  the  guest  molecule  from  all  sides,  the  host 
is  referred  to  as  a  clathrate  or  cage  structure.  No 
ordinary  chemical  bonds  need  exist  between  the  atoms 
of  the  two  compounds. 

There  are  six  basic  types  of  inclusion  compounds, 
characterized  by  the  shape  of  the  cavity  found  in  the 
host.  These  compounds  are  finding  uses  in  industry. 
Water  clathrates,  for  example,  are  used  in  reclaiming 
fresh  water  from  sea  water.  Inclusion  compounds 
also  play  a  role  in  the  chemistry  of  living  cells. 
Proteins  form  inclusion  compounds  which  are  shape- 
dependent.  This  shape-dependence  accounts  for 
biochemical  specificity. 

Water  c  athrates.  often  called  gas  hydrates,  are 
perhaps  the  best-known  inclusion  compounds  and 
have  been  the  subject  of  extensive  chemical  and 
X  ray  investigations.  Until  lately,  however,  very 
little  x-ray  work  beyond  the  determination  of  the  space 
group  and  the  cell  dimensions  has  been  attempted 
on  large  organic  inclusion  compounds  such  as  the 
cyciodexirins  and  f  <anin's  co  npound  (first  prepared 
in  1914).  A.  P.  Dianm  observed  that  his  compound 
fornr,ed  crystalline  adducts  with  ethanol,  acetone, 
acelk  acid,  chloroform,  and  ether  This  guest  list 
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was  later  expanded  to  approximately  40  compounds 
by  Raker  and  McOmie,  and  it  could  grow  even 
larger.  In  19.55,  Powell  and  Wetters  did  some  pre¬ 
liminary  x-ray  work  to  determine  the  space  group 
and  cell  dimensions.  The  actual  structure  was  not 
solved  at  that  time,  but  it  was  predicted  that  Dianin’s 
compound  formed  inclusion  compounds  of  the  cage  or 
clathrate  type. 

The  crystal  and  molecular  structure  of  Dianin's 
compound  has  been  solved  recently  at  NRL.  Six 
molecules  of  Dianin's  compound  are  linked,  through 
hydrogen  bonding  of  the  OH  groups,  to  form  a  large 
complex  which  then  enters  into  the  cage  formation. 


A  single  complex  formed  by  six  molecules 
of  Dianin's  compound  held  together  by 
hydrogen  bonding  of  the  OH  groups. 


A  single  complex  resembles  two  truncated  cones  hav¬ 
ing  in  common  their  smaller  bases  formed  by  the 
hexagon  of  hydrogen-boiled  oxygens.  The  space 
group  of  the  crystal  is  R3.  In  this  space  group  the 
cages  are  formed  by  piling  the  complexes  directly 
above  each  other  aJ  infinitum,  with  their  symmetry 
axis  parallel  to  the  c-axis,  to  foim  long  columns  of 
successive  enclosures.  Most  of  the  cage  is  formed 
when  two  of  these  complexes  stack  together  with  one 
hexagon  of  hydrogen-bonded  oxygens  forming  the 
floor  of  the  cage  and  the  next  hexagon  of  hydrogen- 
bonded  oxygens  one  unit  cell  away  aloi.g  'he  c-axis 
forming  the  cciiing.  Bounding  of  the  cage  is  com¬ 
pleted  by  one  molecule  from  each  of  its  six  nearest 
neighboring  complexes.  In  this  way  the  long  columns 
are  interi^lated.  and  the  only  spaces  in  the  cell 
large  enough  to  epsnare  a  guest  molecule  lie  within 
the  cagelike  cavities  of  'he  host. 

Determining  the  structure  of  the  host  molecule  is 
62  only  the  beginning  of  this  studv  It  should  now  be 


Two  complexes  of  Dianin's  compound 
stacked  together  to  form  it  cage. 


C  ontents  of  the  unit  cell  of  E)iunin's  compound, 
drawn  liHtking  down  the  c-axis. 


possible  to  study  the  detailed  structure  of  the  guests 
which,  by  themselves,  at  room  temperatures  often 
form  poor  crystals  or  none  at  all.  The  large  number 
of  inclusions  that  can  be  formed  with  Dianin’s  com¬ 
pound  provides  an  unusual  opi  'Hunity  to  make  an 
extensive  study  of  the  structures  and  properties  in 
the  relatively  new  field  of  organic  clathrates. 
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Radiation  Damage  to  Hereditary  Material.  One  of 
the  serious  consequences  of  irradiating  human  tis¬ 
sue  is  the  damage  that  occurs  to  the  hereditary  mate¬ 
rial  DNA.  It  was  found  in  1960  by  Wang  (at  Tufts 
University)  and  Beukers,  yistra,  and  Berends  (in 
the  Netherlands)  that  the  thymine  bases  in  a  DNA 
molecule  can  react  to  form  dimers  of  the  following 
type; 


where  R  represents  the  remainder  of  the  DNA  chain 
to  which  the  thymine  base  is  attached.  Since  the  DNA 
molecule  acts  in  terms  of  a  sequential  code,  the 
formation  of  the  dimer  constitutes  a  damaging  per¬ 
turbation.  Interestingly,  other  radiation  can  reverse 
the  reaction  by  breaking  th"  ’imer,  as  indica*'d  by 
the  backward  arrow. 

Recently,  Varghese  and  Wang  (now  at  Johns  Hop¬ 
kins  University)  found  a  new  produ'  t,  fonned  from 
two  thyirjne  bases  upon  the  imuIi,ilion  of  DNA. 
The  same  product  can  be  obtained  upon  irradiation 
of  the  free  bases.  This  material  wac  shown  to  be  dif¬ 
ferent  chemically  from  the  dimer  described  above, 
and  it  has  not  been  possible  to  reverse  the  reaction 
by  use  of  additional  radiation.  It  would  appear,  then, 
that  tiiis  type  of  radiation  damage  would  be  even  more 
difficult  to  correct.  In  any  case,  a  first  step  in  pre¬ 
vention  or  correction  is  to  identify  the  chemical  com¬ 
position  and  molecular  geometry  of  the  product. 

Professor  Wang  sent  one  small  crystal  of  the  new 
r«  .iCtion  product  to  the  Naval  Research  Laboratory 
for  structure  analysis  by  x-ray  diffraction.  Advances 
by  NRL  scientists  in  solving  the  phase  problem  in 
x-ray  structure  analysis  liave  made  this  method 
particularly  well  suited  for  determining  the  com¬ 
position  and  geometry  of  unknown  materials.  The 
structure  determination  was  carried  out,  and  the 
molecular  formula  and  configuration  were  established 
to  be  as  shown  in  Formula  II,  below.  The  reaction 
can  be  described  by; 
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One  of  the  benefits  frorrr  determining  the  end  product 
of  a  rearrangement  reaction  is  the  opportunity  af¬ 
forded  tc  postulate  the  intermediate  steps  in  a  re¬ 
action  mechanism.  Formula  I  represents  such  a 
postulate. 

Further  investigations  are  proceeding  in  this  area. 
For  example,  Wang  has  recently  isolated  an  adduct 
made  from  three  thymine  molecules.  The  determina¬ 
tion  of  the  composition  and  configuration  of  this 
molecule  will  make  a  very  interesting  and  worth¬ 
while  study.  Infornr.ation  from  investigations  of  this 
type  is  quite  useful  in  the  fields  of  genetics  and 
radiation  damage  to  hereditary  material. 


Structure  of  Poison-Dart  Frog  Venom.  The  Colom¬ 
bian  poison-dart  frog,  Phyllobales  auretaenia, 
produces  in  its  skin  a  venom  which  the  native  Indians 
use  to  tip  their  arrowheads  when  hunting  game.  The 
venom  is  the  most  potent  yet  discovered.  It  has  a 
toxicity  about  250  times  that  of  strychnine,  but,  to 
be  active,  it  must  be  introduced  into  the  body  through 
the  pierced  skin.  Taken  orally,  it  is  harmless.  Bio¬ 
chemists  from  the  National  Institutes  of  Health 
traveled  to  Colombia  to  collect  about  4,000  frogs  and 
extract  their  venom.  (The  frogs,  which  arc  only  2  to 
3  centimeters  long,  are  too  delicate  to  survive  a  trip 
to  Washington.) 
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C'hemita!  fcriTiula  of  batra- 
chotoxinin  A.  Cs,H,nNO.% 
(R  =  H,BrC,H4Ca-) 


The  major  alkaloid  fraction  isolated  from  the  frogs 
consists  of  batrachotoxin,  isobatrachotoxin.  and  pseu- 
dobatrachotoxin,  all  CmHuN04-  Pseudobatracho- 
toxin  is  very  unstable  and  is  readily  converted  to 
batrachotoxinin  A  (C:«HuNOs)  with  the  formal  addi¬ 
tion  of  HtO.  Such  minute  amounts  of  the  purified 
alkaloids  were  available  tha!  it  was  not  feasible  'o 
establish  the  structural  formulae  by  chemical  analyses. 
Hence,  x-ray  diffraction  analysis,  which  can  nardle 
cxtrenKly  small  specimens,  was  indicated.  Thus  far, 
the  only  crystals  suitable  for  an  x-ray  analysis  were 
those  of  the  O-p  bromobenzoate  derivative  of 
batrachotoxinin  A. 
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A  viry  small  crystal  (0.05  x  0.03  x  1 .0  millimeter) 
of  this  derivative  was  sent  to  the  Naval  Research 
Laboratory  for  x-ray  analysis.  Because  the  bromine 
atom  occurs  on  a  cell  edge  in  the  unit  cell,  phases 
based  on  the  heavy  atom  would  lead  to  a  fourfold 
ambiguity.  In  addition,  the  relatively  weak  scattering 
from  carbon  atoms  and  the  very  limited  number  of 
data  obtainable  from  the  small  crystal  prevented  the 
use  of  the  classical  heavy-atom  technique  for  struc¬ 
ture  determination.  Two  peaks  could  be  recognized 
as  correspcnding  to  oxygen  atoms  in  the  fourfold 
ambiguous  Fourier  map  obtained  from  a  knowledge 
of  the  phases  from  the  bromine  atom  position.  The 
bromobenzoate  group  could  thus  be  located,  and  the 
complete  structure  was  established  by  using  a  re¬ 
cycling  pnKedure  based  on  a  partial  structure  and 
employing  the  tangent  formula  developed  at  NRL. 


Structure  of  CoUmbiin  poison-v.art  !rog  Vvnom. 


The  structure  of  batrachotoxinin  A  is  quite  novel, 
it  IS  both  ai'.  alkaloid  derived  from  an  animal  source 
and  also  a  steroid  Itr  structure  resembles  tha.  of 
digitoxigenin,  a  component  of  digitalis,  the  well- 
known  heart  drug.  It  is  therefore  not  surprising  that 
the  lethal  effect  of  the  venom  derives  in  part  from 
its  action  as  a  caruioto.on. 


CHEMICAL  PHYSICS 

Ridegical  Adhcaion.  In  contrast  to  the  subsiantiul 
progress  which  has  been  made  in  understanding  and 
controlling  adhesion  in  man-made  systems,  kuowl- 
64  edge  of  the  mechanisms  governing  adhesion  in  bio¬ 


logical  systems  remains  far  from  complete,  despite 
extensive  investigation  by  the  traditional  techniques 
of  biology  and  medical  science.  NRL  scientists  have 
attempted  a  new  approach  whereby  knowledge  gained 
from  past,  basic  surface-chemical  studies  could  be 
used  to  provide  advantageous  starting  points  in  the 
search  for  a  better  understanding  of  biological  ad¬ 
hesion. 

This  interdisciplinary  approach  has  already  re¬ 
sulted  in  improved  insight  into  the  role  of  the  naturally 
occurring  adhesives  and  abhesives  encountered  in 
biology.  The  NRL  workers  have  pointed  out  that 
viscous  liquids,  particularly  those  thickened  by 
natural  biopolymers,  could  serve  as  useful  adhesives 
in  the  relatively  mobile  and  conformable  systems 
found  in  living  organisms.  Adhesives  which  fail  to 
solidify  result  in  joints  of  limited  technological 
significance  because  of  their  relatively  low  resistance 
to  shear.  Such  adhesives  may  be  far  more  important 
in  nonrigid  biological  assemblages,  however,  where 
efficient  mating  of  contours  permits  an  intervening 
liquid  film  to  function  as  an  adequate  adhesive. 
Moreover,  the  susceptibility  of  naturally  occurring 
thicl.cning  attents  to  cross  linking  or  to  depolymeri¬ 
zation  by  d'l'ition  or  enzymatic  action  would  account 
for  the  rapid  and  reversible  changes  characterizing 
living  systems.  These  results  thus  provide  guidance 
in  designing  synthetic  adhesives  for  biological 
systems. 

Specific  mechanisms  have  been  identified  by  N  RL 
scie.itists  as  highly  probable  causes  of  both  surface 
attraction  and  modification  in  the  contact  interaction 
of  blood  with  foreign  solids,  such  as  plastic  or  metal 
biological  or  surgical  implants.  The  implications  for 
blood  coagulation  and  thrombus  formation  should 
influence  future  research  on  plastic  prosthetic  im¬ 
plants,  including  their  selection  and  design.  Finally, 
a  surface-chemical  interpretation  of  reportea  cell- 
aggregation  studies  sheds  some  light  on  possible 
causes  for  the  development  of  mobility  in  cancer 
cells. 


Surface  ChemiAry  of  Liquld-Uquld  Interfaces.  Re¬ 
cent  NRL  studies  of  the  spreading  of  several  classes 
of  polar-nonpolar  organic  liquids  on  water  have 
shown  that  two  of  the  most  basic  physical  interactions 
between  two  liquids- in. jrfacial  surface  tension  and 
muiual  sol  ility--can  be  measured  with  simple 
si'rface-ciiemical  methods. 

It  has  been  proved  thr'^retically  and  experimentally 
that  the  interfacial  tension  between  two  liquids  can 
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be  accurately  calculated  from  the  spreading  pressure 
of  one  upon  the  other.  Especially  important  is  the 
fact  that  the  calculated  values  of  interfacial  tension 
are  as  precise  as  the  b  jst  reported  values  obtained  by 
direct  measurement,  if  not  more  so.  Moreover,  it 
is  very  difficult  to  make  an  accurate  direct  determina¬ 
tion  of  interfaciai  tension  because  every  method 
used  is  extremely  sensitive  to  traces  of  surface-active 
impurities,  present  in  either  of  the  liquids  or  in  both, 
that  diffuse  to  and  adsorb  at  the  interface.  Use  of 
the  spreading  pressure  method  not  only  eliminates 
or  minimizes  this  difficulty  but  also  provides  much 
greater  speed  of  the  measurement -a  few  seconds  as 
compared  with  hours. 

This  investigation  also  showed  that  interfaciai 
tension  data  can  be  used  to  estimate  the  solubility  of 
water  in  an  organic  liquid.  Since  few  reliable  or  con¬ 
sistent  literature  values  for  interfaciai  tension  and 
water  solubility  are  available  and  their  direct  measure¬ 
ment  is  very  difficult  and  time  consuming,  the  results 
of  this  work  will  be  of  increasing  interest,  not  only 
to  investigators  in  physics  and  chemistry  but  to  'hose 
in  biochemistry,  physiology,  and  pharmacology. 


Effect  of  Adsorbed  Films  on  Evaporation  of  Volatiic 
Liquids.  A  study  has  been  made  to  determine  the 
effect  of  adsorbed  surface-active  molecules  on  the 
rate  of  evaporation  of  volatile  organic  liquids.  The 
soluble,  partially  fluorinated  additives  investigated 
were  those  which  previous  research  had  proved  to 
be  the  most  surface-active  agents  for  organic  liquids. 
When  these  were  adsorbed  from  solution,  no  change 
in  the  rate  of  evaporation  was  observed  under  a 
variety  of  the  most  favorable  experimenUd  conditions 
for  adsorption  of  closely  packed  films.  Monolayers 
of  insoluble  surface-active  compounds  at  the  air- 
liquid  interface  also  produced  no  detectable  reduction 
in  the  rate  of  evaporation  of  organic  liquids.  Even 
insoluble,  multimolecular  films  of  the  most  surface- 
active  silicones  did  not  significantly  reduce  the  rate 
of  evaporation  until  the  film  thickness  was  increased 
to  at  least  0.04  millimeter,  a  very  thick  film  compared 
with  the  thickness  of  a  monolayer,  which  is  approxi¬ 
mately  2.0  X  10  *  mm.  Hence,  fluorocarbon  surface- 
active  compounds  by  themselves  would  not  be 
expected  to  decrease  gasoline  evaporation. 

It  has  also  been  found  that  thin,  m-^tastable  films 
of  water  could  be  spread  on  the  surface  of  most 
volatile  organic  liquids  if  certain  partially  fluorinated 
surface-active  additives  were  used  as  wetting  agents. 
Only  when  these  aqueous  hims  reached  a  thickness  of 


approximately  0.005  mm  did  they  begin  tu  have  a 
significant  effect  on  the  evaporation  rate. 

These  resul's  prove  that,  in  the  so-called  Light 
Water  mixtures  used  for  extinguishing  fuel  fires, 
the  fluorocarbon  additives  cause  the  aqueous  sur¬ 
factant  solution  to  spread  on  the  fuel  or  other  volatile 
organic  liquid.  These  additives  may  improve  the 
properties  of  the  aqueous  foams,  but  they  will  not  by 
themselves  impede  the  rates  of  evaporation  of  the 
organic  liquids.  It  can  be  concluded  that  the  only 
effective  evaporation  barrier  present  in  Light  Water 
foams  is  the  thick  layer  of  water  trapped  in  the  wall 
of  each  foam  bubble  or  left  op  the  fuel  surface  as  a 
thi( film. 


Dual-cel!  thermal  conductivity  apparatus  used  at  NRL  for 
measuring  relative  raies  of  evaporation  of  volatile  liquids. 


Mechanism  of  Action  of  Dry-Film  Lubricants.  Thin 
solid  films  of  low  shear  strength  are  now  widely 
used  to  lubricate  sliding  systems  in  which  oils  or 
greases  are  inadequate.  Results  of  an  earlier  pioneer¬ 
ing  investigation  at  NRL  suggested  that,  as  a  first 
approximation,  the  coefficient  of  friction  for  many 
such  dry  films  was  equal  to  the  ratio  of  the  mean 
yield  pressure  of  the  film  material  to  that  of  the  sub¬ 
strate.  it  was  pointed  out,  however,  that  one  factor 
neglected  in  the  derivation  of  this  relationship  was 
the  effect  of  pressure  on  the  shear  strength  of  the 
film. 

Recently,  in  a  reanalysis  of  the  problem,  variation  of 
shear  strength  with  pressure  was  incorporated  into 
the  relationship  as  a  significant  factor.  The  new 
theory  has  made  it  possible  to  predict  the  coefficient 
of  friction  for  any  dry-film  lubricant  on  any  harder  65 
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supporting  surface.  The  equations  derived  also  ex¬ 
press  the  pressure  on  the  film  in  terms  of  the  elastic 
or  plastic  properties  of  the  supporting  solid. 

The  measured  coefficient  of  friction  of  such  diverse 
solid-film  lubricants  as  gold,  paraffin,  and  molybdenum 
disulfide  under  a  variety  of  conditions  closely  approxi¬ 
mated  that  predicted  by  the  new  quantitative  relation. 
Therefore,  it  is  now  possible  to  eliminate  much  of 
the  old  trial-and-ei  ror  approach  and  to  predict  the 
potential  of  any  solid  material  for  use  as  a  dry-film 
lubricant.  Two  prerequisites  for  any  candidate 
material  would  be  a  low  shear  strength  at  atmospheric 
pressure  and  a  low  rate  of  increase  in  the  shear 
strength  with  increasing  pressure. 


Effect  of  Adsorbed  Monolayers  of  Water  on  Solid  Sur¬ 
faces.  Recent  NRL  investigations  have  elucidated 
the  influence  of  adsorbed  water  on  the  wetting  and 
spreading  behavior  of  pure  nonhydrophilic  (non¬ 
water-loving)  liquids  on  solid  surfaces.  The  inter¬ 
action  between  a  liquid  and  a  solid  surface  can  be 
quantitatively  expressed  by  a  parameter  called  the 
critical  surface  tension  of  wetting  (>).  A  liquid 
having  a  surface  tension  greater  than  Vr  will  not  wet 
or  spread  on  the  solid,  whereas  one  with  a  value 
below  will  completely  spread  over  the  surface. 
When  the  interaction  arises  from  dispersion  forces 
only  (that  is  dipole-dipole  polarization  forces),  yr 
is  expected  to  be  the  same  for  all  such  series  of 
homologous  liquids.  If,  however,  nondispersion  forces 
also  are  active,  yr  is  increased  by  an  amount  pro¬ 
portional  to  the  contribution  of  such  nondispersion 
forces. 

The  wetting  behavior  of  a  number  of  nonhydro- 
phiiic  organic  liquids  on  solid  surfaces  which  were 
fully  or  partially  coated  with  water  molecules  was 
shown  to  follow  the  same  fundamental  laws.  Here, 
the  nondispersion  forces  acted  between  the  water 
film  and  the  contacting  organic  liquid  molecules. 

A  variety  of  high-energy  hydrophilic  solid  surfaces 
such  as  glasses,  minerals,  metals,  or  metal  oxides 
were  investigated.  The  formation  of  only  a  fraction 
of  a  monolayer  of  water  adsorbed  at  a  relative  humid¬ 
ity  (RH)  of  0.6  percent  converted  each  high-energy 
surface  to  one  of  very  much  lower  energy,  with  a 
coincident  reduction  in  yr:  additional  water  adsorp¬ 
tion  at  95-percent  RH  formed  a  more  condensed 
film  and  further  lowered  the  yr  value,  Furthermore, 
66  the  yr  values  at  each  extreme  of  RH  were  nearly 


identical  for  all  of  these  diverse  solid  surfaces.  Thus 
it  was  concluded  that,  after  exposure  to  a  humid 
atmosphere,  the  surface  energy  of  any  clean,  smooth, 
high-energy  hydrophilic  surface  depends  on  the  con¬ 
centration  of  water  adsorbed  on  the  surface  and  that 
the  chemical  nature  of  ihe  underlying  substrate  has 
little  other  effect  on  wetting  and  spreading  properties 
of  any  nonhydrogen-bonding  liquid.  A  monolayer  of 
adsorbed  water  thus  exerts  an  important  influence. 

Unless  the  solid  surface  is  completely  free  of  ad¬ 
sorbed  water  molecules,  spontaneous  spreading  of 
many  organic  liquids  will  be  impeded,  with  con¬ 
comitant  decreased  adhesion  of  the  liquid  to  the  solid. 
These  results  also  support  the  frequently  used  as¬ 
sumption  that  adsorbed  water  lowers  the  surface 
energy  and  so  assists  in  crack  propagation. 


CENTRAL  MATERIALS  RESEARCH 

Bond  Formation  in  Transition  Metals.  A  new  ap¬ 
proach  to  the  formation  of  bonds  between  atoms  in 
transition  metal  compounds  and  allbys  promises  to 
increase  our  understanding  of  this  important  class 
of  materials.  This  approach,  developed  by  an  NRL 
scientist,  involves  the  chemical  concept  of  con¬ 
centrating  electron  density  into  the  areas  between 
atoms.  However,  each  bonding  orbital  (composed  of 
atomic  wave  functions)  concentrates  the  electron 
density  into  two  different  directions  simultaneously, 
instead  of  the  usual  single  bonding  lobe.  This  new 
feature  results  in  fairly  unique  descriptions  of  the 
bonding  and  local  orbitals  and  is  necessary  because 
each  atom  interacts  strongly  with  more  near  neighbors 
than  the  number  of  available  bonding  orbitals  of  the 
usual  type.  It  is  well  known  that  the  predominant 
coordination  numbers  (i.e.,  neai  neighbors)  observed 
in  transition  metal  compounds  are  12.  14.  15.  and  16. 
The  higher  coordination  numbers  (14.  15,  and 
16)  are  often  associated  with  the  fonnation  of  the 
brittle,  and  structurally  complex,  phases.  In  these 
phases  it  has  been  shown  that  particular  transition 
elements  prefer  certain  coordinations.  These  pre¬ 
ferences  can  now  be  partially  understood  in  terms  of 
the  atom’s  position  in  the  periodic  table  and  in  terms 
of  the  atomic  d-orbital  character  used  in  the  bidirec¬ 
tion  bonding  orbitals  required  for  each  different 
coordination  number. 

The  method  has  been  applied  recently  to  the  Laves 
phases,  which  belong  to  a  large,  well-known  class 
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of  intermetallic  compounds  of  the  composition  AB^. 
One  of  the  problems  in  the  understanding  of  these 
materials  is  that  the  A-atom  has  unusually  short 
interatomic  distances  with  four  of  its  near  neighbors 
(also  A-atoms)  but  normal  distances  with  twelve 
B-atom  neighbors.  Treating  the  atom:,  as  hard  spheres, 
as  is  often  done  in  discussing  the  packing  of  atoms  in 
alloys,  produces  a  contradiction.  It  suggests  that 
the  A-atom  is  in  a  state  of  severe  compression  with 
respect  to  the  A-near-neighbors  but  is  not  compressed 
with  respect  to  its  interaction  with  its  B-atom  neigh¬ 
bors.  This  contradiction  is  resolved  by  the  use  of 
bidirectional  orbitals,  which  points  out  that  the 
orbitals  forming  the  bonds  between  A-atoms  have  a 
much  larger  atomic  d-orbital  character  than  those  of 
the  A-B  bond  and  accordingly  should  have  a  smaller 
effective  radius  in  that  direction. 


Growth  of  PZT  Crystals.  The  more  general  piezo¬ 
electric  properties  of  lead  zirconate  titanate  (PZT) 
as  a  ceramic  material  have  been  known  and  used 
effec'ively  by  the  Navy  for  many  years.  A  more 
detailed  understanding  of  this  material  is  needed, 
however,  including  such  factors  as  domain  character¬ 
istics.  interaction  between  domains,  and  domain 
wall  motion,  because  it  is  these  factors  that  govern  a 
majority  of  the  properties  important  to  the  use  of 
ceramics  in  sonar  systems.  No  adequate  investiga¬ 
tion  has  been  made  of  these  factes  because  single 
crystals  of  PZT  of  good  quality  large  enough  for 
such  studies  have  not  been  available. 

NRL  has  developed  a  technique  for  growing 
crystals  of  sufficient  size  to  be  useful  in  the  detailed 
study  of  domain  and  piezoelectric  properties.  The 
crystals  are  prepared  by  flux  growth  from  a  solution 
of  PZT  in  lead  borate  at  an  elevated  temperature. 
Pure  powdered  mixtures  of  lead  oxide,  zirconium 
oxide,  titanium  oxide,  and  boron  oxide  are  placed 
in  tightly  covered  platinum  crucibles  and  heated  to 
12()()“C  to  form  a  solution  of  PZT  in  the  borate  melt. 
The  crucibles  are  cooled  in  :<  carefully  controlled 
and  programmed  oven  at  a  very  slow  rate  over  a 
temperature  interval  of  seven  I  hundred  degrees. 
The  crystals  nucleate  and  grow  from  the  melt  during 
the  slow  cooling  process.  The  oven  is  then  cooled 
to  room  temperature,  the  crucibles  are  opened,  and 
the  borate  flux  in  which  the  PZT  crystals  are  imbed¬ 
ded  is  leached  out  by  solvents.  Crystals  x  5  x  3 
millimeters  in  size  have  been  produced  from  flux 
melts  of  PZT  and  are  now  being  evaluated. 


Research  directed  toward  the  understanding  and 
control  of  the  piezoelectric  properties  of  PZT  will 
contribute  to  our  fund  of  basic  knowledge  concerning 
ceramic  solids.  It  will  also  lead  to  more  reliable 
sonar  transducers  and  other  devices  useful  to  the 
Navy. 


Fire  Protection  for  Aircraft  Carriers.  The  moderniza¬ 
tion  of  aircraft  carrier  flre-extinguishment  systems  is 
imperative  if  future  catastrophes,  such  as  those 
aboard  the  Foiresial  and  the  Enterprise,  are  to  be 
averted.  At  NRL.  efforts  in  solving  this  problem  have 
been  directed  toward  an  extended  use  of  Light  Water 
in  ail  the  firc-protection  systems.  Light  Water  is  an 
effective  mixture  of  perfluorinated  surfactants  pro¬ 
duced  commercia.ly  and  developed  by  NRL  chemists 
for  use  in  extinguishing  fuel  Ares  and  halting  flammable 
vapor  emission  from  fuel  surfaces. 

Early  in  1968  a  new  fire-protection  concept  for 
carrier  flight  decks  was  explored  in  which  the  nuclear- 
fallout-washdown  nozzles  already  built  into  the  flight 
deck  could  be  used  as  part  of  the  fire-fighting  system. 
Laboratory  tests  indicated  that  the  Light  Water  solu¬ 
tions  introduced  directly  into  the  sea  water  systems 
supplying  these  nozzles  would  immediately  extinguish 
jet  fuel  fires  burning  on  the  deck.  It  was  also  founu 
that  Light  Water  solutions  applied  from  existing 
overhead  water  sprinklers  used  on  carrier  hangar 
decks  should  be  equally  effective  in  extinguishing 
spilled  jet-fuel  fires.  (Ordinary  water  sprayed  from 
these  sprinklers  would  merely  spread  the  fire  across 
the  deck.) 

Recently,  at  the  Jacksonville  Naval  Air  Station. 

NRL  engineers  conducted  full-scale  "proof"  tests 
on  large  fires  equivalent  to  that  aboard  the  Eorrestul. 

Under  these  mock-up  conditiiins.  Light  Water,  when 
used  in  the  shipKtard  high-capacity  fog-foam  s'  stem. 
was  up  to  seven  times  more  efficient  than  the  old 
protein-type  extinguishing  agents.  When  used  in  the 
washdown  system  at  impingement  densities  of  0.03 
gallons  per  minute  per  square  foot,  it  extinguished 
a  mocked  up  flight  deck  fire  in  two  minutes,  even  in 
a  30- knot  wind. 

.As  the  result  of  an  ctirlier  NRL  study,  a  change¬ 
over  to  the  use  of  Light  Water  at  naval  air  stations 
was  made  in  I9h8.  Engineering  studies  are  now  under 
way  at  NRL  to  provide  the  design  dat.i  necessary 
for  equipping  all  aircraft  carriers  with  Light  Water.  67 
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An  Overview:  by  Wayne  C.  Hall,  Associate  Director  tf  Research  for  General  Sciences 


During  .ne  year,  a  new  laboratory  building  was 
occupied  by  the  Space  Science  Division  and  the 
E.  O.  Hulburt  Center  for  Space  Research,  providing 
offices  and  laboratories  for  140  scientists,  engineers, 
technician!  c  t  J  <hc  administrative  stpff.  The  Hulburt 
Center,  an  inseparable  part  of  the  Space  Science 
Division,  is  an  organizational  concept  which  is 
jointly  sponsored  by  the  National  Science  Founda¬ 
tion,  the  National  Aeronautics  and  Space  Adminis¬ 
tration  (NASA),  and  the  Office  of  Naval  Research. 
Its  purpose  is  to  bring  university  scientists  to  NRL 
for  one-  or  two-year  appointments  so  that  they  may 
conduct  rocket  and  astronomy  projects  by  means  of 
the  Laboratory’s  unique  facilities  and  the  military 
rocket  ranges.  At  the  same  time,  the  Hulburt  Center 
provides  some  of  the  character  and  stimulus  of  a 
graduate  research  center  to  the  NRL  program. 

Many  programs  within  the  Space  Science  Division 
relate  directly  to  military  problems  in  ipfrared, 
night-vision  systems,  radiac  devices,  radio  com¬ 
munications,  navigation  systems,  and  microwave 
radiometry.  The  mqjor  effort  of  the  division  (and 
the  Hulburt  Center),  however,  is  in  satellite,  rocket, 
and  radio  astronomy.  Consequently,  in  the  new  build¬ 
ing  are  specialized  laboratories  housing  some  of  the 
most  unique  research  instruments  for  advanced  rocket 
and  satellite  experiments. 

Since  the  establishment  of  NASA,  the  Space 
Science  Division  has  been  a  major  participant  in 
the  NASA  astronomy  and  geophysics  programs.  NRL 
has  conducted  observations  from  OS 0-2  and  -4 
and  OGO-I ,  -2,  -3,  -4,  and  -5,  as  well  as  many  NASA- 
sponsored  rockets.  Further  efforts  are  being  supported 
in  connection  with  OSO-F,  -G,  and  -H;  OGO-F: 
and  the  Apollo  Telescope  Mount  project. 

NRL  early  became  involved  in  the  use  of  radio 
telescopes.  More  recently,  in  radio  astronomical 
work,  the  Laboratory  has  led  the  way  in  polarization 
measurements  which  identify  synchrotron  sources 
and  reveal  the  scale  of  magnetic  fields  within  radio 
galaxies.  ergalactic  space,  and  the  heal  galaxy. 
Now  the  evohirtg  research  pattern  in  astrophysics 
includes  very  long  base  line  interferometry  and  molec¬ 
ular  line  spectroscopy  carried  out  by  means  of  radio 
telescopes.  Activities  of  the  latter  kind  are  performed 
cooperatively,  e.g.,  with  the  National  Radio  Astron¬ 
omy  Observatory  and  leading  university  groups. 
Considering  this  breadth  of  program,  history,  and 
degree  of  collaboration  with  other  institutions,  the 
Laboratory  expects  much  to  come  from  the  recently 
68  dedicated  Space  Science  Building. 


Another  increasing  effort  concerns  the  application 
of  nuclear  technology  to  problems  in  non-nuclear 
areas.  Extensive,  well-instrumented,  modern  facilities 
now  include  a  75-million-electron-volt  (Mev)  cyclo¬ 
tron,  a  5-million-volt  Van  de  Graaff  accelerator,  a 
60-Mev  linear  electron  accelerator,  and  a  I -megawatt 
nuclear  reactor. 

In  the  past  12  months,  the  mqjor  applications  of 
activation  analyses  techniques  were  for  forensic 
purposes  and  for  the  determination  of  trace  amounts 
of  sodium  and  potassium  in  a  solid-propellant  matrix 
and  of  the  existence  of  fractional  atomic  layers  of 
impurities  on  highly  pure,  carefully  polished  surfaces. 
Nuclear  accelerators  were  used  to  study  transient 
radiation  effects  in  electronic  components  and  to 
implant  selected  ions  in  materials  for  experimental 
purposes.  Further  applications  are  expected. 

At  the  end  of  1967,  a  new  research  division,  the 
Mathematics  and  Irformation  Sciences  Division, 
was  formed.  It  includes  the  Research  Computation 
Center,  which  provides  operation  and  maintenance 
of  general-purpose  computers  for  the  benefit  of  all 
divisions  of  the  Laboratory  and  maintains  a  group 
of  expert  consultants  on  data  collection  and  pro¬ 
cessing.  This  group  also  performs  a  number  of  other 
functions  which  have  as  their  end  goal  the  utilization 
of  the  computer  sciences  in  the  performance  of 
Laboratory  programs. 

A  second  part  of  the  new  division  consists  of  the 
former  Mathematical  Analysis  Branch.  Research 
in  this  area,  which  has  been  in  progress  for  many 
years,  concerns  function  theory;  functional,  integral, 
and  differential  equations;  variational  calculus;  in¬ 
tegral  transforms;  Eigen-value  theory;  and  other 
branches  of  mathematics.  In  addition,  this  part  of 
the  division  provides  research  support  in  areas  of 
applied  mathematics,  with  emphasis  on  the  fields  of 
probability  and  statistics,  communication  and 
control,  and  optimization  and  data  analysis.  It  also 
engages  in  numerical  analysis  as  required. 

A  third  part  of  the  division  was  developed  during 
1968  to  work  in  the  areas  of  the  irformation  sciences, 
including  primarily  logic,  formal  linguistics,  informa¬ 
tion-theory  systems  analysis,  computer-aided  design, 
signal  proi-essing,  and  information  retrieval  In  the 
course  of  the  year  the  brunch  begun  work  on  specific 
problems  dealing  with  muitisensor  correlation;  the 
development  of  certain  components  of  digital  hard¬ 
ware;  the  development  of  software,  involving,  for 
example,  actuarial  models  for  research  personnel 
and  models  for  data  banks  within  the  Research 
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Department;  and,  finally,  small  pronrams  in  logistics 
and  command  and  control  systems. 

The  research  effort  in  the  area  of  logistics  has  been 
hampered  by  the  unavailability  of  a  sufficient  number 
of  qualified  personnel,  but  it  is  now  beginning  to 
move  in  the  direction  of  specific  problems  in  reliability 
of  systems.  This  effort  is  expected  to  increase  as 
qualified  manpower  is  obtained.  Research  in  com¬ 
mand  and  control  systems  is  expected  to  increase 
also.  Currently,  a  small  effort  is  under  way  directed 
toward  the  development  of  new  systems  with  present 
hardware  and  the  development  of  a  system  of  the 
future  which  can  he  incorporated  into  the  Navy 
Management  System  as  technology  improves. 

In  other  defense  research,  a  number  of  highly 
significant  programs  have  been  established  or 
further  enhanced.  They  include  the  development  of 


high-power  lasers  through  studies  of  beam  trapping, 
thermal  blooming,  ultraviolet  lasers,  Raman  oscil¬ 
lators,  and  high-power  glass  laser  systems.  Another 
program  involves  the  generation  of  highly  intense 
x-radiation. 

A  considerable  and  very  productive  effort  is  devoted 
to  nuclear  weapons  effects,  diagnostics,  and  the 
preparation  of  computer  codes  which  can  be  used 
to  predict  the  behavior  of  nuclear  weapons.  New 
technologies  have  been  derived  for  the  generation 
of  plasma  and  electron  streams  and  for  diagnosing 
and  predicting  their  complex  properties.  With  the 
backing  of  the  cognizant  sponsors  within  the  De¬ 
partment  of  Defense,  long-range  programs  have 
been  established  t  all  of  thi.se  areas.  They  involve 
the  collaboration  of  several  large  university  research 
groups,  each  of  which  has  entered  into  agreements 
for  mutually  cooperative  endeavors. 


SPACE  SCIENCES 

Extreme  Ultravkilel  Spectrohel^^ram  ami  HeUogrune. 
Progress  has  continued  in  the  rcfinen.ent  of  the 
spatial  resolution  in  extreme  ultraviolet  (XUV) 
spectral  images  of  the  solar  disk.  The  first  clear 
ultraviolet  picture  of  the  sun,  made  by  NRL  in  1959 
from  above  the  terrestrial  atmosphere,  showed 
details  subtending  as  little  as  30  seconds  of  arc.  In 
contrast,  the  latest  NRL  spectroheliograms,  taken 
from  a  rocket  launched  at  the  White  Sands  Missile 
Range,  New  Mexico,  on  September  22,  1968,  re¬ 
vealed  features  as  small  as  10  seconds  of  arc.  Ihc 
images  were  recorded  in  two  wavelength  ranges, 
170-370  angstroms  (A)  and  550-630A,  with  an  ob¬ 
jective  spectrograph  equipped  with  a  single  concave 
grating  in  a  Wadsworth  configuration.  An  aluminum 
film  filter  (about  l,(XK)A  thick)  was  placed  immedi¬ 
ately  in  front  of  the  film  cartridge  to  block  the  intense, 
scattered,  long-wavelength  radiation.  The  perfor¬ 
mance  of  the  instrument  is  demonstrated  by  the  clean¬ 
liness  of  the  spectroheliograms. 

I  hc  solar -disk  image  in  any  one  wavelength  span¬ 
ned  an  interval  in  the  spectrum  equivalent  to  a  range  of 
27A:  the  spectral  resolution  of  0. 15.^  was  so  good 
that  the  features  formed  by  Si  XI  (303.4A)  and  He  11 
<303  78A)  radiation  could  be  distinguished  one 
from  the  other.  This  resolution  made  i'  possible  to 
determine  that  the  coronal  emission  aK)ve  the  limb 
of  the  He  II  image  (near  10  o'clock  in  the  September 
22  spcctroheliogram)  originated  from  Si  XI.  with 


none  from  the  He  II  line  emission.  This  confirms 
the  suggestion  of  Scott  Smith,  a  former  consultant 
for  the  E.  O.  Hulburt  Center  for  Space  Research. 

Emission  from  centers  of  activity  was  present  in  all 
lines,  although  the  shapes  and  intensities  of  the  re¬ 
gions  were  not  alike.  In  the  coronal  lines  Fe  XV  and 
XVI,  for  example,  emission  above  the  limb  was  con¬ 
spicuous,  whereas  over  the  disk  it  was  very  faint 
but  detectable.  In  the  chromospheric  lines  He  II 
(303.78A).  He  I  (584.3A),  O  IV  (554A),  and  O  V 
(629.7 A)  emission  over  the  disk  was  intense,  and  a 
coarse  network  was  present.  Many  intense  promi¬ 
nences  were  recorded  in  He  II  (304.A)  and  He  I 
(584A),  but  not  in  any  other  lines.  In  the  other  lines, 
the  prominences  appeared  to  be  similar  to  absorption 
features  in  that  they  destroyed  the  continuity  of  the 
bright  limb  emission  rings,  which  are  characteristic 
of  the  high  chromospheric  lines,  such  as  those  of 
Mg  IX.  Dark  filaments  were  present  over  the  disk 
in  all  chromospheric  lines.  The  intense  coronal 
emission  from  McMath  Plage  No.  687,  located  on  the 
limb  at  I2'’N  (about  10  o'clock  on  the  He  II  image 
of  the  September  22  spcctroheliogram),  extended  to 
an  apparent  height  of  70,000  kilometers.  In  Fe  XV 
and  XVI,  it  was  diffuse;  in  Mg  IX.  it  appeared  as 
a  group  of  six  or  seven  curved  rays;  and  in  Si  XI. 
there  was  just  a  suggestion  of  structure.  Projecting 
from  the  center  of  this  Si  XI  (303. 4A)  coronal 
feature  was  a  long,  thin,  strongly  curved  plume  that  69 
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Extreme  ultraviolet  spectroheliugram 
obtained  on  September  22.  1968, 

showing  solar  features  in  three  relative¬ 
ly  intense  emission  !<nes.  The  sun  is 
photographed  with  the  images  ob¬ 
tained  by  longer  wavelength  ultraviolet 
displaced  toward  the  right.  I'he  intense 
image  ''ormed  by  He  II  light  is  near 
the  center,  and  the  less  intense  Fe 
XV  and  Fe  XVI  are  to  the  left  and 
right,  respectively.  Images  in  other 
wavelengths  are  discernible,  as  dis¬ 
cussed  in  the  text. 


I7i-500A  HELIOGRAMS 
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PINHOLE  CAMERA  IMAGES 


2/1  cAHC 


Heliograms  and  pin-hole-camera  photographs  of  the  sun  obtained  on  Sep¬ 
tember  22.  1968.  demonstrating  the  equatorial  bulge  formed  by  the  extreme- 
ultniviolet  corona 


extended  to  300.000  km.  This  is  lelicved  to  he  a  He  II 
(303. 78 A)  prominence  of  some  kind,  because  it  was 
not  found  in  any  other  line.  However,  it  has  not  yet 
been  identified  in  available  H-alphu  images  covering 
this  period. 

Positions  of  the  intense  coronal  emissions  shown 
in  the  September  22  spectroheliogram  correlate  well 
with  the  streamers  depicted  in  the  white-light  corona- 
grams  reproduced  in  "Strlar  Corona,"  an  accom¬ 
panying  article. 


Also  carried  on  the  September  22  rocket  was  a 
simple  camera  (heliograph)  that  photogiaphed  the 
solar  disk,  with  the  XUV  radiation  transmitted  by 
ail  aluminum  film  filter  (I70A-600A),  and  three 
pinhole  cameras  employing  several  metal  film  filter 
combinations  to  isolate  different  spectral  regions 
in  the  XLiV.  Exposures  made  by  means  of  these 
instrumonts  showed  an  apparent  equatorial  bulge. 
A  similiij  feature  had  been  observed  on  previous 
flights,  but  the  interpretation  of  the  data  has  been 
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in  question  because  "jitter”  in  the  solar-pointing 
control,  precession  cone  of  the  rocket,  and  optical 
aberrations  in  the  cameras  may  have  contributed  to 
the  "buige."  On  this  flight,  however,  jitter  and  pre¬ 
cession  cone  angle  were  very  small.  The  three  pinhole- 
camera  exposures  also  confirm  the  results  of  the  XU  V 
heliograph  experiment  in  that  the  cameras  have  no 
aberrations  other  then  those  caused  by  diffraction, 
which  are  symmetrical  about  the  camera  axes. 

So'ar  Monitcring.  The  monitoring  of  solar-activity 
events  by  means  of  their  x-ray  emission  was  carried 
out  successfully  by  a  variety  of  instruments  during 
1968,  most  notably  by  ion-chamber  assemblies  aboard 
OGO-IV,  OSO-IV,  and  Solrad-IX  and  by  a  pro¬ 
portional-counter  spectrometer  aboard  OGO-V. 
Full-orbit  (sunlit-poition)  data  from  Solrad  IX 
have  been  most  va,uable  in  that  they  have  permitted 
the  compilation  of  tim.e  histories  of  0.5-3  angstrom 
(A),  I-8A,  and  8-20A  x-rays  within  24  hours  of 
the  times  the  emissions  were  recorded  aboard  the 
satellite.  The  x-ray  data  obtained  by  Solrad  were 
used  to  evaluate  the  likelihood  of  solar-flare  hazard 
conditions  during  the  flight  of  Apollo  VI U. 


The  Solrad  monitoring  was  performed  cooperatively 
by  I  he  Space  Sciences  and  Applications  Research 
Divisions. 

Solar  X*Ray  Spectral  Studict.  X-ray  spectra  of  a 
considerable  number  of  flares  have  been  obtained 
from  OSO-IV  in  the  wavelength  ranges  of  0.5-4.0 
angstroms  (A)  and  1. 0-8.5  A.  An  example  of  the  emis¬ 
sion  spectrum  of  a  class  3b  flare  is  shown  in  the 
figures.  The  graphs  consist  of  uncoirected  data  giving 
sensor  counts  pet  0.88  second  as  a  function  of  the 
step  position  of  a  Bragg  crystal  spectrometer.  Several 
features  in  the  spectrum  are  instrumental  in  origin. 
The  rise  in  count  rate  at  very  short  wavelengths 
is  due  to  increased  crystal  reflectivity  near  graz¬ 
ing  incidence,  and  the  changes  in  continuum  level 
that  occur  at  4.0A,  6.7A,  and  8.0A  are  the  result 
of  K  x-ray  edges  in  the  sensor  gas  and  in  system 
Alters  and  windows.  However,  the  appearance  of 
these  effects  conArms  that  the  continuum  recorded 
by  the  instrument  is  truly  a  solar  x-ray  continuum. 

The  flare  spectrum  at  short  wavelengths  is  char¬ 
acterized  by  the  dominance  of  continuum  eniission 
over  line  emission,  by  line  emission  arising  from 
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Uncorrected  dvU  derived  from  the  l.iF  spectrometer  for  the  class  3b  flare  on  November  16,  1968  (212.5  UT).  The  vertical 
scale  teprese  .Tls  cotints  per  1 .28  seconds.  The  horizontal  scale  indicates  spectrometer  positions  in  steps  of  six  arc  minutes. 
The  line  identifications  and  wavelentths  should  be  considered  approximate,  since  9  is  changing  both  because  o.e  the 
spectrometer  drive  anti  the  motion  in  the  view  direction. 


many  ionization  states  of  Mg,  r.l,  Si,  S.  Ca,  and  Fc, 
and  by  inner-shell  transition  lines  arising  from  the 
production  of  K-shell  vacancies  in  ions  still  holding 
one  or  more  L-shell  electrons.  Flarc-plasrna  spectra 
are  found  to  vary  greatly  from  flare  to  flare. 

Hm  Sotar  Corasa.  Observation  of  the  sun's  white- 
light  corona  with  rocket-borne  coronagraphs  is  con¬ 
tinuing  under  a  program  supported  by  NASA.  In 
I96fl.  the  coronagraph  flights  had  a  more  specifle 
purpose  than  surveying  the  corona  at  six-month  inter¬ 
vals.  as  had  been  dor.c  previously  Two  observations 
in  quick  succession,  on  Ayril  27  aiid  29.  were  made  to 
record  short-term  changes  in  the  outer  corona. 


These  flights  were  the  first  ones  in  the  short  history 
of  rocket  observations  and  in  the  long  history  of 
eclipse  "chasing”  during  which  the  same  solar 
streai.ien  were  photographed  twice.  All  previous 
photographs  nave  been  single  snapshots  taken  during 
aircraft  or  rocket  flights  that  provided  no  oppor¬ 
tunities  for  later  observations.  Although  during  the 
two-day  interval  between  flights,  the  sun  rotated 
a  mere  25  degrees,  urvexpected  and  puzzling  changes 
in  the  appearance  of  the  streamers  were  revealed. 
Study  of  the  photographs  is  still  under  way.  in  con¬ 
tinuing  studies.  NRl.  scientists  hope  to  unravel  the 
behavior  of  coronal  streamers  more  completely  from 
the  NASA-supported  Orbiting  Solar  Observatory- 


GENERAL  SCIENCES 


Photographs  of  the  sun's  outer  corona  (from  3  to  9  solar  radii)  taken  from  rockets  launched  on  April  27  (left)  and  29  (right), 
1968.  The  sun  is  artificially  eclipsed  by  a  circular  disk.  The  small  black  disk  is  the  moon  silhouetted  against  the  coro.ia.  The 
eclipsed  area  in  each  photograph  contains  a  sketch  of  the  sun  and  its  known  active  regions.  The  radial  lines  are  where  streamers 
would  have  been  observed  if  each  region  had  ejected  a  narrow  beam  of  electrons  straigni  outward. 


H  (OSO-H),  which  will  carry  aloft  the  NRL  corona- 
graph  to  record  the  contortions  of  the  streamers  in 
a  nearly  continuous  moving-picture  fashion. 

The  flight  of  a  coronagraph-equipped  rocket  on 
September  22  was  timed  to  coincide  as  closely  as 


possible  with  a  total  eclipse  In  the  USSR.  The 
photograph  obtair^ed  recorded  the  corona  and  stream¬ 
ers  from  three  to  nine  solar  radii  from  the  sun,  while 
the  eclipse  photographs  from  the  USSR  recorded  the 
corona  from  the  sun's  edge  to  a  distance  of  three 
solar  radii.  The  rocket  flight,  therefore,  served  its 
intended  function  of  recording  the  corona  outward  into 
a  region  not  accessible  to  eclipse  observers. 


A  rocket  photograph  of  the  sun's  outer  corona  (from  3  to  9 
solar  radii)  taken  at  l.'.tO  L.T.  September  22.  1968.  Into 
the  occulted  center  has  been  introduced,  to  the  proper  scale 
and  orientation,  c  USSR  eclipse  photograph  taken  at  1119 
UT  on  the  same  day.  Streamers  which  fade  away  into  the 
Russian  sky  are  seen  to  continue  outward  a  large  distaiKe 
from  the  sun  in  the  rocket  photograph.  (The  photo  was 
taken  by  M.  N.  Gnevyshev  of  the  Pulkovo  Observatory. 
USSR,  using  a  camera  obtained  from  D.  M.  Menzel.  Harvard 
Observatory  Picture  courtesy  of  the  Douglas  Advancetl 
Research  laloralories  of  the  McDonnell-Douglas  C'orp.) 
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Advances  in  Extreme-Ultraviolet  Photographic  Tech¬ 
niques.  One  of  the  vexing  problems  of  photography 
froDi  Earth-orbiting  spacecraft  is  the  fogging  of  the 
him.  mainly  by  high-energy  partic'cs  concentrated 
in  the  several  particle  belts.  An  evaluation  of  this 
effect  has  been  accomplished  by  exposing  photo¬ 
graphic  him  strips  to  protons  of  an  energy  (20  million 
electron  volts)  comparable  to  that  encountered  in 
space.  This  was  done  in  one  of  the  hrst  experiments 
performed  with  NRL’s  new  75-million-electron-volt 
sector-iocusing  cyclotron. 

!:  was  found  that  Kodak  short-wavelength-radiation 
him  is  the  least  sensitive  of  the  nine  types  of  him 
strips  tested  and  is  the  only  extreme  ultraviolet 
(XU  V)  sensitive  him  which  can  be  used,  for  example, 
in  NASA’s  Apollo  Telescope  Mount  (ATM)  56-day 
mission,  which  has  a  circular  orbital  altitude  of  220 
nautical  miles  and  an  inclination  of  30  degrees.  A 
proton  fog  density  of  0.2  can  be  tolerated  before 
XUV  spectral  images  (emission  lin^s  and  continuum) 
are  materially  affected. 

A  technique  was  developed  by  NRL  and  Sigmatron. 
Inc.,  of  California  for  the  production  of  hitherto 
unobtainable  very  large  (250-  by  35-miIlimcter) 
aluminum  him  hlters  for  isolating  the  170  to  600 
angstrom  (A)  region  of  the  XUV  spectrum.  The 
single-layer  hims  are  supported  on  70/inch  wire  mesh 
and  are  quite  free  of  harmful  pinholes.  At  a  thickness 
of  approximately  l,l(HIA.  the  hIms  are  Just  opaque 
to  the  hlament  of  a  high-power  tungsten  lamp.  The 
really  remarkable  achievement  of  the  technique, 
however,  is  that  it  permits  the  production  of  hlters 
that  are  sturdy  enough  to  withstand  an  acoustical 
environment  of  146  decibels -a  sound  level  well 
above  that  tolerable  by  man. 


Far-Ultraviolet  Airglow  Studies.  One  of  the  scientihe 
mysteries  of  ionospheric  physics  has  been  the  pres¬ 
ence  of  a  low  level  of  ionization  in  the  t  and  , 
regions  throughout  the  night  The  normal  h  and  h  i 
regions  are  produced  by  absorption  of  ionizing  radia¬ 
tions  from  the  sun.  After  sunset,  these  regions  should 
rapidly  disappeai  by  ion-electron  recombination. 
During  the  night,  low  levels  of  ionizing  radiations  arc 
present  in  starlight,  but  they  are  too  low  to  maintain 
the  observed  lower-ionospheric  electron  densities. 

In  August  1967,  a  stody  was  carried  out  with 
photometers  capable  of  measuring  radiations  of 
wavelengths  less  than  I, I (X)  angstroms  (A).  .Analysis 
of  the  data  has  revealed  the  presence  in  the  night 
74  sky  of  diffuse  far-ultraviolet  radiation  identified  as 


hydrogen  Lyman-/3  at  1.026A  and  as  helium  at  either 
304A  or  584A.  The  levels  of  these  radiations  appear 
sufficient  to  maintain  the  observed  electron  d'lnsities 
of  the  nighttime  E  and  lower  Ft  regions. 

The  OGO-IV  spacecraft  carries  an  NRL  experi¬ 
ment  in  which  sets  of  far-ultraviolet  sensors  are 
directed  toward  the  center  of  the  Earth.  Port  of  the 
results  of  this  study  were  reported  in  the  1967  Annual 
Report.  Among  the  new  discoveries  was  the  observa¬ 
tion  of  far-ultraviolet  airglow  in  the  equatorial  zone. 
The  occurrence  frequency  of  these  glows,  measured 
during  the  period  August  1967  to  February  1968, 
was  most  pronounced  in  October.  The  emissions  are 
seen  to  bo  quite  symmetrically  located,  completely 
encircling  the  Earth,  at  12-15  degrees  on  either 
side  of  the  magnetic  dip  equator.  They  are  believed 
to  be  an  ultraviolet  counterpart  of  the  intertropical 
red  arcs.  Recent  comparisoiis  of  these  data  and  data 
obtained  by  Barth  from  a  scanning  spectrometer  that 
was  also  carried  by  OGO-IV  sliow  that  the  far- 
ultraviolet  emissions  are  represented  largely  by 
oxygen  lines  at  1,304A  and  i,356A. 

The  “dark  aurora.”  observed  in  Lyman-a  and 
reported  on  last  year,  is  now  believed  to  be  of  in¬ 
strumental  origin.  The  effect  on  sensor  output  was 
produced  by  transient  charging  of  the  sensor  windows 
by  electron  streams  which  impact  the  auroral  zone, 
presumably  the  same  electron  streams  that  produced 
the  aurora  underneath  the  spacecraft. 

Far-Infrared  Astronomy.  Early  in  1968,  NRL  flew 
its  first  long-wavelength  (more  than  10  microns 
ip))  infrared-astronomy  rocket  to  stuiiy  diffuse  and 
point-source  radiation  from  the  celestial  sphere. 
I'he  rocket  instrument  system  (described  in  the 
1967  Annual  Report)  included  a  Cassegrain-mirror 
telescope  cooled  to  liquid-helium  temperature  and 
a  set  of  four  solid-state  far-infrared  sensors  cover¬ 
ing  the  spectral  bands  !()-30p,  10-120/a,  l0-l,050/a. 
and  300-1.300/1.  Good  'ata  were  obtained  from  a 
Ge:Cu  sensor  covering  the  lO-30/i  band.  Several 
point  sources  of  unexpectedly  high  intensity  were 
seen.  If  these  point  sources  are  truly  of  celestial 
origin,  they  are  believed  must  likely  to  be  normal 
galaxies,  and  the  fluxes  observed  mean  that  many 
such  galaxies  radiate  much  mure  energy  in  'he  far 
infrared  (thermal  region)  than  they  do  in  the  rest 
of  the  spectrum. 

The  first  data  on  diffuse,  background  ftir-infrared 
radiation  were  obtained  from  an  NRL  300- 1 .300 /i 
sensor  flown  in  a  f  ornell  University  rocket.  These 
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data  indicate  a  flux  level  substantially  higher  than  that 
expected  un  the  basis  of  measured  microwave-emis¬ 
sion  backgrounds,  which  are  consistent  with  a  3°K 
black-body  radiation  temperature  of  space.  Both 
the  point-source  and  diffuse-background  results 
have  major  cosmological  implications,  but  these 
must  be  considered  somewhat  uncertain  until  they 
can  be  properly  rechecked. 

X-Ray  Astronomy  Program.  During  the  past  year, 
the  advantages  of  the  switch  from  large-area  Geiger 
counters  to  proportional  counters  and  the  successful 
use  of  inertially  referenced  attitude-control  systems 
in  NRL's  x-  ay  astronomy  program  have  become  ap¬ 
parent.  "^ha  main  achievement  of  the  program  in  1968 
was  an  extension  of  x-ray  astronomy  to  longer  wave¬ 
lengths.  By  means  of  counters  having  1/8  mil  Mylar 
windows,  it  was  possible  to  carry  out  measurements 
in  the  44-60  angstrom  (A)  band.  A  source  in  Vul- 
pecula  that  did  not  show  up  in  the  l-lOA  band  of 
conventional  rocket  x-ray  astronomy  was  observed 
in  the  higher  band.  In  addition,  a  diffuse  soft  flux  was 
observed  at  high  galactic  latitudes,  and  a  flux  was 
recorded  at  lower  galactic  latitudes.  The  high-galactic- 
latitude  flux  is  too  intense  to  explain  by  extrapolation 
cf  the  flux  observed  between  I  - 1 OA  (power  law  energy 
index  -  0  4)  and  thus  is  believed  to  constitute  a  new 
component  of  intergalactic  radiation.  The  high- 
latitude  soft  x-ray  flux  is  believed  to  arise  from  hot 
intergalactic  material  in  the  3  x  io*  to  8  x 
temperature  range  and  at  a  rms  density  of  10  ' 
atoms  cm  ’.  The  low-galactic-latitude  soft  back¬ 
ground,  on  the  other  hand,  is  believed  to  represent 
unresolved  radiation  from  many  soft  x-ray  point 
sources  similar  to  the  Vulpecula  source.  From  the 
point  of  view  of  cosmology,  the  hot-intergalaclic- 
medium  explanation  of  the  high-galactic-lattiudc 
data  is  of  considerable  interest  in  that  the  ntedium's 
presumed  density  would  account  for  about  enough 
material  to  eventually  stop  the  expansion  of  the 
universe  by  the  action  oi  gravity. 

At  shorter  wavelengths.  giHHl-quality  pulse-ampli¬ 
tude  spectra  were  obtained  for  S(  ()  XR-I.  (  yg 
XR-1.  and  (  yg  XR-2.  (  yg  XK-1  vsas  again  shown 
to  have  a  spectiuni  strikingly  different  in  shape 
from  the  hot-gas  spectra  of  SCO  XR- 1  and  (  yg  XK-2. 
the  S('0  XR-I  spectrum  was  shown  to  have  'he  be¬ 
havior  of  a  6,(  X  IO*-dcgrcc  plasma  containing  less 
than  percent  iron.  I  he  low  perccntiige  of  iron  was 
determined  on  the  basis  of  the  lack  of  strong  enio- 
sions  at  the  w  avelengths  of  the  I  e  XXV'  and  Fe  XXVI 


resonance  lines.  Some  250-thousand-electron-volt 
radiation  was  also  observed,  indicating  no  very  great 
interstellar  gas  absorption  between  Earth  and  SCO 
XR-1. 

A  slow  scan  of  the  Cen  A  radio  source  was  made  in 
1968.  An  elevated  count  rate  was  observed  through¬ 
out  the  period  of  scan  during  which  the  Cen  A  radio 
emission  lobes  and  optical  center  were  in  the  field 
of  view.  The  main  port  of  the  radio  lobes  and  the 
optical  center  occupy  4  de.itrees  of  angle  in  the  scan 
direction  — an  interval  that  was  covered  during  40 
seconds  of  a  200-second  scan  The  count  accumula¬ 
tion  during  the  40  seconds  of  Cen  A  scan  exceeded  by 
30-  that  of  the  average  40-second  count  for  the  full 
200  seconds  of  scan. 


Navigation  with  the  Radio  Sun.  The  sun  is  an  attrac¬ 
tive  source  for  navigation  at  both  optical  and  radio 
wavelengths  because  of  its  great  intensity  Navigation 
at  radio  wavelengths  has  the  additional  important 
advantage  over  that  at  optical  waveiengtns  of  all- 
weather  capability.  As  an  example  of  the  useful 
intensity  of  the  sun.  a  3-foot-diameter  parabolic 
antenna  at  2-centimeters  wavelength  used  with  very 
simple  receivers  will  give  signal-to-noise  ratios  of 
several  hundred.  Even  with  the  poor  angular  resolu¬ 
tion  of  this  small  antenna  of  about  1-1/2  degrees 
compared  with  the  size  of  the  solar  disk  of  about 
1/2  degree,  it  is  possible  to  determine  the  position 
of  the  apparent  center  of  the  sun  to  an  accuracy  of 
several  seconds  of  arc.  However,  the  apparent  center 
as  measured  with  low-angular-resolution  equipment 
may  not  coincide  with  the  geometrical  center  of  the 
sun  due  to  solar  activity  superimposed  upon  the  uni¬ 
formly  bright  disk  of  the  quiet  sun.  This  activity  will 
distort  the  brightness  distribution,  causing  the 
displacement  of  the  brightness  centroid  from  the 
geometrical  center  of  the  disk  by  sizable  amounts, 
resulting  ia  significant  navigational  eaors.  To  assess 
the  magnitude  and  frequency  of  these  errors  and  their 
cITcct  upon  navigational  systems,  a  high-angular- 
rcsolution  study  of  the  sun  has  been  undertaken  by 
means  of  the  NRl.  85-foot  radio  telescope. 

The  time  of  ix;currence  of  individual  activity  is 
unprcdicrablc.  though  the  average  solar  activity  varies 
cyclically  with  a  period  of  1 1  yetu's.  The  m^jl>r 
activity  at  centimeter  wavelengths  may  be  classed 
as  cither  spots  or  bursts.  Spots  have  typical  life¬ 
times  of  I  to  10  days  and  usually  constitute  less  than 
2  percent  <)f  the  quiet  sun  flux.  Bursts  arc  of  brief 
duration,  with  lifetimes  ranging  from  a  few  minutes  75 
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to  several  hours,  but  they  may  be  10  or  even  100 
times  more  intense  than  spots. 

The  figure  presents  some  results  of  the  investiga¬ 
tion  of  the  brightness  distribution  over  the  sun  at 
2-centimeters  wavelength  being  conducted  by 
means  of  the  NRL  8S-foot  telescope.  The  beam- 
width  of  the  8S-foot  antenna  at  this  wavelength  is 
only  3.3  minutes  of  arc,  allowing  the  brightness  dis¬ 
tribution  to  be  measured  in  detail.  The  average  posi¬ 
tion  measured  by  a  smaller  antenna  with  much  poorer 
angular  resolution  can  be  computed  from  these  data. 
The  measurements  were  taken  by  scanning  the  sun 
at  intervals  of  3  minutes  of  arc,  forming  a  raster 
covering  the  entire  solar  disk.  Nine  active  sun  spots 
were  present  on  this  day,  with  a  flux  greater  than  the 
sensitivity  limit  of  the  observations  of  a  1 ,000th  of  the 
quiet  solar  flux.  The  most  intense  spot,  on  the  north¬ 
west  limb  of  the  sun,  had  a  flux  of  2.2  percent  of  the 
quiet  sun  and  was  the  major  contributor  to  shifting 
the  brightness  centroid  from  the  geometrical  center. 
The  brightness  centroid  was  displaced  by  14  arc 
seconds  at  a  position  angle  of  ^  10  degrees.  The  mini¬ 
mum  displacement  observed  to  date  is  4  arc  seconds, 
with  the  average  being  about  9  arc  seconds.  By 
reference  to  these  observations,  the  centroid  posi¬ 
tion  can  be  determined  to  an  accuracy  of  less  than 
3  arc  seconds,  which  is  less  than  a  600th  of  the  $u,e 
of  the  solar  disk. 


A  typkal  observation  of  the  brightness  distribution  over  the 
sun  Ht  14.50  NUion  cy,.les  per  second  made  on  October  10, 
1%'/.  The  raster  scans  are  shown,  but  they  have  been  dis¬ 
placed  ansi  skewed  for  clarity.  The  beam  of  the  85-foot 
76  telescope  is  represented  by  the  circle  in  the  upper  left  comer. 


Measurements  of  this  kind  provide  information  on 
the  frequency  of  occurrence  and  magnitude  of  navi¬ 
gational  errors  due  to  solar  activity.  In  addition, 
they  provide  a  means  of  correcting  the  errors  and  of 
evaluating  dWerent  sources  of  error  which  otherwise 
could  be  masked  in  a  navigational  system  under  test. 

Radio  Variability  of  Quasars.  About  seven  years 
ago,  through  the  cooperative  efforts  of  radio  and 
optical  astronom'  s,  it  was  discovered  that  certain 
celestial  objects  previously  regarded  as  faint  bluish 
stars  are,  in  fact,  not  stars  but  massive,  very  distant 
objects  which  radiate  huge  amounts  of  energy  in  the 
radio  and  optical  regions.  Their  radio  energy  is  be¬ 
lieved  to  be  generated  by  the  synchrotron  radiation 
process,  in  which  highly  eneigetic  electrons  emit 
radiation  while  spiraling  around  the  lines  of  force 
in  a  magnetic  field. 

Understanding  these  quasi-stellar  sources  and  their 
energy-generation  and  radiation  processes  is  of  first 
importance  in  astrophysics  and  of  great  potential 
practical  importance 

Recently,  astronomers  made  the  surprising  ob¬ 
servation  of  large  variations  in  the  intensity  and 
polarization  of  the  radiation  from  these  objects  in 
time  periods  of  less  than  a  year.  These  variations 
have  provided  a  new  means  of  investigating  the 
physical  propedies  of  the  sources.  Through  such 
studies,  for  example,  it  has  been  found  that  certain 
peculiar  galaxies,  so-called  Seyfert  galaxies,  share 
some  of  tlic  properties  of  quasars,  including  temporal 
variability  of  radiation  characteristics. 

Accurate  measurements  of  the  quasars  3C  273, 
3C  279,  and  3C  454.3  and  of  the  Seyfert  galaxy 
3C  84  made  at  NRL  over  a  period  of  two  years 
at  wavelengths  of  9.5  millimeters  and  1.5  centimeters 
showed  large  intensity  variations;  in  some  cases 
several  peaks  were  recorded,  as  shown  in  the  figure. 
The  variations  observed  are  generally  consistent  with 
the  interpretation  of  the  variable  radiation  which 
results  from  expanding  clouds  of  radiating  relativi.  tic 
particles.  The  relativistic  particles  might  te  iqieciti 
into  the  source  region  by  explosions  similar  to  those 
that  create  supernova,  but  on  a  much  larger  scale. 
It  would  be  expected  that  the  '<sdiation  from  the  cloud 
would  increase  with  time  UiuU  the  expanding  cloud 
becomes  optically  thin  and  that  the  radiation  then 
would  begin  to  decrease.  The  observation  of  repeated 
peaks  of  intensity  can  be  explained  qualitatively  by 
such  a  process. 
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Intensity  variations  of  the  quasars  3C  273,  3C  279,  and  3C  454.3  and  of  the  Seyfert  galaxy 
3C  84  over  a  two-year  interval  at  two  wavelengths,  9.5  mm  and  1.55  cm. 


Measurements  of  linear  polarization  made  at  1 .5  <:m 
wavelength  over  the  second  year  of  the  intensity 
investigations  show  little  evidence  for  variation  of 
the  polarization  of  these  sources,  except  for  3C  434.3. 
The  degree  of  linear  polarization  of  3C  454.3  in¬ 
creased  from  less  than  one  percent  to  more  than  two 
percent  during  that  year.  Over  that  period,  the  total 
intensity  decreas»l,  suggesting  that  the  radiation 
of  the  variable  component  is  unpolarized  or  that  its 
polarization  increased  greatly  as  its  intensity  de¬ 
creased.  Separate  measurement'*  made  in  1965  and 


1967  at  2-cm  wavelength  of  seven  intensity-variable 
sources  show  that  the  degree  of  polarization  of  the 
quasar  3C  279  doubled  during  this  interval,  whereas 
the  degree  of  polarization  of  3C  1 20  decreased.  Simul¬ 
taneously,  the  total  intensity  of  both  sources  in¬ 
creased.  suggesting  that  in  one  case  the  radiation  of 
the  variable  component  was  polarized,  while  in  the 
otner  case  it  was  not. 

The  varying  source  components  must  have  very 
small  angular  diameters  (of  the  order  of  10  *  arc 
seconds)  and  be  at  very  great  distances  from  Earth  77 
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for  variations  with  periods  of  less  than  a  year  to 
occur.  Investigations  of  (he  components  by  long 
base  line  interferometry  at  the  short  wavelength  of 
2.8  cm  were  begun  in  December  1968  by  the  NRL 
Maryland  Point  Observatory  and  an  observatory  in 
Germany.  If  the  data  analysis  is  successful,  this 
experiment  will  give  a  resolution  of  3  x  arc 
seconds. 


Polarization  Properties  of  Cosmic  Radio  Sources.  In 

1956,  radio  astronomers  at  NRL  discovered  that 
some  of  the  radiation  from  supernova  remnants  is 
partly  linearly  polarized  at  short  radio  wavelengths, 
and  in  1961  they  showed  that  the  radiation  from  extra- 
galactic  radio  sources  is  also  linearly  polarized.  These 
findings  were  a  basic  part  of  the  evidence  that  the 
radiation  is  generated  by  the  synchrotron  process - 
that  is,  the  radiation  is  generated  by  relativistic  elec¬ 
trons  moving  in  helical  orbits  in  magnetic  fields.  The 
polarization  of  the  radiation  from  cosmic  radio  sources 
is  an  important  source  of  information  about  the  dis¬ 
tribution  of  magnetic  fields  and  relativistic  particles 
in  the  source  region  and,  consequently,  about  the 
structure  and  physical  characteristics  of  these  discrete 
regions  in  the  universe.  In  addition,  knowledge  of  the 
polarization  and  other  radiation  properties  of  cosmic 
radio  sources  has  practical  importarce  because  of 
the  potentialities  of  the  sources  as  radio  reference 
points  for  navigation  systems  and  for  the  calibration 
of  radio  and  radar  systems. 

.^<nce  1961,  large  programs  of  polarization  studies 
have  been  pursued  at  NRL  and  other  radio  astronomy 
observatories.  As  a  consequence,  the  polarization 
properties  of  about  273  sources  have  been  measured 
at  various  wavelengths.  The  results  show  that  the 
radiation  from  the  minority  of  cosmic  radio  sources 
is  partly  linearly  polarized  at  wavelengths  shorter 
than  about  30  centimeters.  The  degree  of  polariza¬ 
tion  varies  from  source  to  source  but  generally  de¬ 
creases  toward  longer  wavelengths.  At  NRL,  the 
polarization  characteristics  have  been  determined 
for  135  sources  at  25.cm  wavelength.  156  sources 
at  21  cm.  99  sources  at  6  cm.  50  sources  at  2.9  cm. 
29  sources  at  2  cm,  and  3  sources  at  9.5  mm.  In 
general,  the  polarization  characteristics  of  radio 
galaxies,  quasi-stellar  sources,  supernova  remnants, 
and  unidentified  sources  are  about  the  same,  showing, 
in  this  respect  at  least,  a  similarity  of  the  radiating 
properties  of  these  different  types  of  cosmic  radio 
sources.  No  outstanding  correlations  have  been  found 
between  the  polarization  characteristics  of  the 


integrated  source  radiation  and  source  properties. 
An  analysis  of  239  extragalactic  sources  for  correla¬ 
tions  between  degree  of  polarization  at  2 1 -cm  wave¬ 
length  and  intrinsic  source  properties  showed  that 
the  polarization  characteristics  are  similar  for  sources 
having  a  wide  range  of  other  properties.  The  degree 
of  polarization  ranges  from  0  to  about  10  percent, 
with  the  degree  ranging  between  0  and  2  percent  for 


Linear  polarization  of  extragalactic  radio  sources 
at  21-cm  wavelength.  The  distributions  of  relative 
numbers  of  sources  with  degree  of  polarization 
are  similar  for  quasars,  radio  galaxies,  and  unicen;- 
ilied  sources. 


about  40  percent  of  the  sources  considered  as  a  whole; 
the  same  is  true  of  quasars,  radio  galaxies,  and  un¬ 
identified  sources  considered  individually.  There  is 
no  apparent  correlation  between  21 -cm  polarization 
and  brightness  temperature,  radio  luminosity,  distance 
to  the  source,  linear  dimensions,  magnetic-field 
strength,  or  spectral  characteristics  of  the  visible 
light  of  the  source. 

The  frequency  distribution  of  the  degree  of  polariza¬ 
tion  of  the  21-cm-wavelength  radiation  from  radio 
galaxies,  quasars,  and  unidentified  sources  is  illus¬ 
trated  in  the  figure. 
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Magnetic  Fields  and  Particles  in  Our  Galaxy.  The 

radio  radiation  from  extragalactic  sources  is  modified 
in  propagation  through  the  magnetoionic  medium 
which  fills  the  space  between  the  stars  in  our  galaxy 
and  possibly  extends  outside  the  plane  of  the  spiral 
arms  to  form  a  galactic  corona.  In  particular,  the 
Faraday  rotation  of  the  plane  of  polarization  of  the 
radiation  caused  by  the  magnetic  fields  and  free 
electrons  along  the  path  of  propagation  through  the 
galaxy  results  in  ( I)  rotations  of  the  plane  of  polariza¬ 
tion  as  observed  from  Earth  and  (2)  depolarization  of 
the  radiation  where  the  Faraday  rotation  differs  across 
the  diameter  of  the  source.  These  effects  provide  an 


A 


Ideall/ed  cross  section  of  our  galaxy,  showing  the  disk, 
the  roughly  spherical  stia  halo,  and  the  rough  outline  (dashed 
curve)  of  the  electron-magnetic-field  halo  indicated  by  this 
work 


important  new  means  for  investigating  the  little- 
known  galactic  medium;  this  is  the  case  particularly 
whet)  the  radiation  sources  are  outside  the  galaxy, 
as  are  radio  galaxies  and  quasars,  because  then  the 
effects  facilitate  study  of  the  magnetic  fields  and 
electron  distributions  along  the  total  paths  of  the 
radiation  thrttugh  the  gidaxy. 

We  have  found  from  an  analysis  of  the  polarization 
properties  of  2.^9  extragalactic  sources  (observed  at 
21  centimeter  wavelength)  relative  to  the  path  length 
of  their  radiation  through  the  galaxy  that  the  radiation 
of  even  very  small-angular-diameter  extragalactic 
sources  is  depolarized  in  traveling  through  our  galaxy. 


This  depolarization  is  explained  by  differential 
Faraday  rotation  across  the  angular  extent  of  the 
source.  The  differential  Faraday  rotation  is  caused 
by  a  variation  in  the  product  of  the  line-of-sight 
component  of  galactic  magnetic-field  and  interstellar 
electron  density  with  a  scale  of  less  than  1/2  parsec 
if  the  amplitude  of  this  product  is  greater  than  I0~^ 
gauss  cm~^.  If  the  average  electron  density  in  the 
galactic  medium  is  of  the  order  of  10  *  cm”*,  as  was 
determined  from  recent  pulsar  observations,  this 
product  requires  a  magneiic  field  of  I0~*  gauss.  This 
figure  is  in  good  agreement  with  values  for  the  galactic 
magnetic  field  of  the  order  of  2  x  10”*  gauss,  which 
were  deteimined  rec^ently  from  measurements  of  the 
Zeeman  splitting  of  the  2 1 -cm  line  of  galactic  neutral 
hydrogen.  Thus,  the  magnetic-field  and  election- 
density  requirements  for  the  small-scale  structure 
of  the  galactic  magnetoionic  medium  derived  from 
our  observations  of  galactic  depolarization  are  con¬ 
sistent  with  the  most  recently  determined  values  for 
these  quantities. 

The  21 -cm  depolarization  is  appreciable  for  sources 
whose  directions  are  within  120  degrees  of  the 
galactic  plane  in  latitude.  These  results  indicate  that 
the  magnetoionic  medium  responsible  for  the  depolar¬ 
ization  is  not  confined  to  the  disk  of  the  galaxy  but 
extends  into  a  galactic  halo.  The  observa'ions  are 
consistent  with  a  simple  model  in  which  the  depolar¬ 
ization  is  proportional  to  the  path  length  traveled  by 
the  radiation  through  an  oblate -spheroidal  region  of 
the  galactic  halo  having  an  axial  ratio  of  between 
2  and  3,  as  shown  in  the  figure. 

These  investigations  of  the  galaxy  have  given 
important  new  information  on  the  fine  structure  of 
the  magnetoionic  medium  and  its  probable  extension 
into  a  galactic  halo.  Polarization  measurements  at 
different  wavelengths  are  being  combined  to  show  the 
overall  Faraday  rotation  through  different  parts  of 
the  galaxy  and  the  large-scale  distribution  of  the 
galactic  magnetic  field. 

Effect  of  Maas  on  Frequency.  I  wo  known  phenomena 
can  change  the  frequency  of  electromagnetic  radia¬ 
tion:  the  doppler  effect  and  the  gravitational  red  shift. 
Because  in  cosmology  and  astronomy  so  much  im¬ 
portance  is  attached  to  deviations  of  the  frequencies 
of  lines  from  stars,  galaxies,  and  quasars,  NKt. 
radio  astronomers  devised  and  performed  experi¬ 
ments  aimed  at  disclosing  further  influences  on  the 
frequency  vif  radiation.  The  experiments  desc.ribed 
were  designed  to  determine  whether  a  large  mass  79 
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Plot  of  points  representing  the  experimentally  determined 
residual  frequency  (measured  minus  calculated)  of  the 
2 1  -centimeter  line  during  the  days  before  and  after  the  closest 
approach  of  Taurus  A  to  the  sun,  adding  two  years'  measure¬ 
ments.  The  solid  line  is  a  I /a  dependence,  where  a  is  the  dis¬ 
tance  from  the  center  of  the  sun  to  the  line  of  sight  at  closest 
approach.  The  probability  that  random  fluctuations  gave  the 
red  shift  shown  on  the  two  days  near  closest  approach  is 
only  I  percent.  After  and  before  the  days  plotted  here,  the 
residuals  were  near  the  zero  line.  The  error  bars  represent 
the  actual  spread  of  one  day's  measurement. 


affects  the  frequency  of  electromagnetic  radiation. 
In  two  of  the  experiments  an  apparent  decrease  in 
frequency  was  observed  when  the  optical  path  was 
in  the  vicinity  of  a  large  mass,  and  in  one  of  the 
experiments  no  apparent  change  was  observed. 

During  the  annual  approach  (every  June)  of  the 
radio  source  Taurus  A  to  the  sun,  the  frequency  of 
the  2 1 -centimeter  absorption  line  of  the  galactic 
neutral  hydrogen  in  front  of  the  supernova  remnant 
can  be  measured  to  determine  if  its  frequency  changes. 
Such  measurements,  made  by  NRL  in  1967  and  1968, 
indicated  that  the  frequency  of  the  2 1 -cm  hydrogen 
absorption  decreased  by  several  orders  of  magnitude 
over  the  decrease  that  had  been  predicted  on  the 
basis  of  relativistic  effects  or  effects  of  the  solar 
corona  when  the  optical  path  approached  the  sun. 
The  first  figure  shows  the  observed  apparent  decrease 
(about  100  cycles  per  second)  in  the  1 ,420-million- 
cycles-per-second  frequency  of  the  hydrogen  absorp¬ 
tion  line  at  (he  point  of  Taurus  A  s  closest  approach 
to  the  sun. 

If  mass  affects  radiation,  it  is  logical  to  expect 
(hat  the  effect  will  be  greater  the  longer  the  rays 
are  under  the  influence  of  the  mass.  If  a  well-defined 
frequency  is  transmitted  from  a  station  on  Earth, 
(he  effect  of  the  mass  of  the  Earth  will  depend  on 
the  length  of  the  transmission  path.  In  1967  and 
80  1968,  measurements  were  made  of  (he  timing  signals 


Plot  of  points  representing  the  experimentally 
determined  difference  in  frequency  between  two 
cesium  beam  clocks  as  a  function  of  distance 
between  the  two  clocks.  The  four  dots  represent 
the  results  of  an  experiment  started  at  Cape  Fear. 
North  Carolina,  on  May  2,  1968,  and  ended  at 
Yarmouth,  Nova  Scotia,  on  June  10,  1968  (a 
northeastward  path).  The  triangle  represents  the 
result  on  a  northwestward  path  between  Cape 
Fear  and  Washington,  D.C.  The  square  indicates 
the  result  on  a  southward  path  from  Cape  Fear 
to  Jacksonville,  Florida.  The  error  bars  were 
determined  from  the  actual  scatter  in  the  time 
intervals  between  the  two  clocks. 


Pulse  anival  times  from  CP  09M).  AT  is  the  dif¬ 
ference  between  the  measured  and  predicted  pulse 
arrival  times  based  on  a  pulse  periinl  of  O.^.sJ 
0.^.'  OJO  second  D'l .  Curve  A  is  the  predicted  dif¬ 
ferential  arrival  time,  if  one  assumes  the  mass- 
on-frequency  effect  and  a  pulse  period  of  0.2Vt 
06'  OJO  70  second  U  T.  l  ine  H  is  a  least-squares 
straight-line  tit  to  the  observations. 
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emitted  by  the  Loran  C  transmitter  at  Cape  Fear, 
North  Carolina.  These  measurements  were  taken 
at  various  distances  from  the  transmitter  and  then 
accurately  compared  with  timing  signals  derived  from 
portable  cesium-beam  frequency  standards.  At  the 
beginning  of  the  experiment,  the  receiver  and  fre¬ 
quency  standard  were  located  10  miles  north  of 
Cape  Fear;  and  later  they  were  moved  to  several 
other  locations  along  the  east  coast.  At  the  last 
location,  in  Nova  Scotia,  1,500  kilometers  from 
Cape  Fear,  the  received  timing  signals  were  frac¬ 
tionally  lower  in  frequency  than  the  portable  cesium- 
beam  standard  by  (1.7  ±  0.5)  x  10"‘*.  The  results 
of  these  experiments  indicate  an  apparent  decrease 
in  frequency  with  distance  from  the  transmitter 
(see  second  figure).  The  apparent  frequency  shift 
cannot  be  explained  by  gravitational  red  shift,  doppler 
effects,  or  relativistic  effects. 

As  a  further  test,  the  pulsar  CP  0950  was  observed 
through  the  month  of  August  1968,  during  which 
the  sun  approached  within  5  degrees  of  the  line  of 
sight.  The  measured  pulse  arrival  times  from  the 
pulsar  were  consistent  with  an  average  pulse  period 
of  0.25.^  065  032  0  ±  4  x  10  second  UT.  taking 
into  account  the  error  in  the  coordinates  used  for  the 
position  of  the  pulsar.  No  effect  of  the  proximity 
of  the  mass  of  the  sun  on  the  pulse  peric  i,  as  pre¬ 
dicted  from  the  results  of  the  two  previous  experi¬ 
ments,  was  observed  (see  third  figure).  The  cause 
of  this  discrepancy  has  not  yet  been  determined. 


NUCLEAR  PHYSICS 

.\nalysis  for  Trace  Amounts  of  Carbon  and  Oxygen. 

For  some  applications,  it  is  desirable  that  the  surfaces 
of  metals  be  free  of  contaminants.  Inasmuch  as  two 
of  the  most  common  surface  contaminants  are  carbtm 
and  oxygen  and  that  these  elements  are  likely  to  occur 
on  a  surface  if  any  contaminants  are  present.  NRl. 
scientists  have  developed  techniques  for  detecting 
extremely  small  amojnts  of  them.  The  priKcduie 
utilizes  the  NRI.  5  million  volt  Van  de  Ciraaff  accel¬ 
erator  as  follows:  I'he  material  whose  surface  is  to 
be  analyzed  is  placed  in  the  target  position  within 
the  vacuum  system  of  the  accelerator.  It  is  then 
bombtuded  with  high-speed  ’He  particles.  If  carbon 
(common  isotope,  “O  is  present,  some  of  the  ’He 
particles  undergo  a  nuclear  reaction  with  the  Carbon, 
pixulucing  "C  and  ‘He.  The  isotope  "C  is  radioactive 
(half  life,  about  20  minutes)  and  emits  positrons.  If 


oxygen  (common  isotope,  ’*0)  is  present,  some  of 
the  ’He  particles  interact  to  produce  “F  and  'H. 
The  isotope  ”F  is  also  radioactive  (half  life,  about 
1 10  minutes)  and  emits  positrons. 

After  a  sample  is  bombarded,  it  is  removed  from 
the  vacuum  system  and  placed  between  two  NalfTl) 
scintillation  crystals,  which  detect  the  two  positron- 
annihilation  gamma  rays  (0.51 1  million  electron  volts 
each)  in  time  coincidence.  Automatic  equipment 
then  records  the  counting  rate  as  a  function  of  time. 
If  carbon  is  on  the  sample  during  the  bombardment, 
the  counting  rate  exhibits  the  characteristic  20-minute 
half  life;  and  if  oxygen  is  present,  the  characteristic 
1 1 0-minute  half  life.  The  amount  of  carbon  or  oxygen 
present  may  be  ascertained  from  the  magnitude  of 
the  counting  rate. 

This  technique  has  been  applied  to  the  surface  of 
gold  samples  whose  cleanliness  was  critical  to  a  series 
of  chemical  experiments. 

The  sensitivity  of  the  technique  is  such  that  as  few 
as  10"  atoms  of  carbon  per  square  centimeter  (about 
10  *  atomic  layer)  or  10"  atoms  of  oxygen  per  square 
centimeter  (about  10  ’  atomic  layer)  can  be  detected. 
This  extreme  sensitivity  and  selectivity  arc  due  to 
a  number  of  factors:  (1)  the  relatively  high  cross 
section  for  the  nuclear  reactions  leading  to  the 
residual  radioactive  nuclides.  (2)  the  energy  dis¬ 
crimination  (in  the  scintillation  detector)  against 
other  radiations.  (3)  the  discrimination  afforded  by 
the  imposition  of  the  time-coincidence  requirement 
on  the  gamma-ray  counts,  and  (4)  the  discrimination 
allowed  by  the  decay  half  life  characteristics. 


X-Ray  Spcctrochemical  Analysis.  Since  the  early 
I940’s.  NRL  has  pioneered  in  the  area  of  quanti¬ 
tative  chemical  analysis  by  means  of  x-ray  spectros¬ 
copy.  In  x-ray  fluorescence  analysis,  a  sample  is 
irradiated  by  a  high-energy,  primary  x-ray  beam. 

The  radiation  excites  the  elements  of  the  sample, 
causing  them  to  emit  x-rays  whose  characteristic 
lines  indicate  what  elements  are  present.  Measure¬ 
ments  of  the  intensities  of  the  spectral  lines  indicate 
how  much  of  each  element  is  present,  providing  that 
comparison  standards  or  suitaole  mathematical  re¬ 
lationships  are  available.  In  electron-probe  micro¬ 
analysis,  a  simiFu'  procedure  is  followed,  except 
that  a  focused  bciun  of  electrons  is  used  to  produce 
the  characteristic  x-rays.  The  focused  electron  beam 
allows  quantitative  chemical  analysis  to  be  performed 
on  individual  precipitates  or  inclusions  as  small  as  81 
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10~^  centimeters  in  size  in  alloys,  minerals,  or  bio¬ 
logical  sections. 

Extensive  effort  has  been  expended  at  NRL  and 
other  laboratories  in  government,  industry,  and  uni¬ 
versities  to  improve  the  mathematical-analysis  ap¬ 
proach  to  quantitative  analysis  because  the  com¬ 
parison-standard  method  is  always  expensive,  usually 
time  consuming,  and  occasionally  impossible  to  apply. 
In  1968,  significant  progress  was  made  at  MRL  in 
three  areas  which  will  increase  the  Navy’s  capability 
in  quantitative  x-ray  spectrochemical  analysis: 

(1)  In  x-ray  fluorescence,  the  first  accurate  spectral 
distribution  measurements  of  the  radiation  from  x-ray 
tubes  were  obtained  and  compared  with  theoretical 
values  on  an  absolute  scale.  These  measurements 
enabled  NRL  investigators  to  accurately  describe 
the  detailed  features  of  the  primary  exciting  beam 
and  thus  to  upgrade  considerably  the  mathematical- 
analysis  method. 
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Examples  of  measured  x-ruy  spectral  distributions: 
(at  tungsten  target  OKCi-M)  tube.  .H'-thousand- 
volt  peak  (full  wave)  excitation:  (b)  tungsten  target 
OF.Ci-M)  tube.  4.S  thousand-volt  constant  potential 
excilal'on;  (c)  chromium  target  OEti-.SO  tube.  45- 
v')2  thousand-volt  constant  potential  excitation. 


(2)  Preliminary  expressions  were  developed  for 
x-ray  fluorescence  analysis  of  inhomogeneous  speci¬ 
mens,  such  as  heat-treated  alloys  and  ore  slurries. 
Heretofore,  such  analysis  has  presented  an  almost 
insurmountable  problem  because  the  characteristic 
x-ray  intensities  emitted  fiom  a  sample  are  very  sensi¬ 
tive  to  local  variations  in  the  x-ray  mass  absorption 
coefficient  and  hence  to  any  variation  in  matrix  com¬ 
position.  The  preliminary  expressions  are  limited 
to  regular  geometric  shapes,  such  as  spheres,  rods, 
and  cubes,  and  they  are  not  in  mathematical  closed 
form  except  in  special  cases.  Work  continues  on 
extending  and  generalizing  the  expressions. 

(3)  In  electron-probe  analysis,  improvements  were 
made  in  electron-transport  equations  for  calculating 
both  relative  and  absolute  x-ray  intensities  due  to 
each  of  several  elements  in  a  sample.  The  comparison 
of  theory  with  experimental  measurements  indicates 
that  the  transport  equations  are  now  able  to  predict 
electron  backscatter  coefficients  to  within  ±3  per¬ 
cent  accuracy  and  characteristic  x-ray  intensity  to 
±10  percent.  In  the  transport  program,  provision 
was  made  for  fluorescent  x-ray  excitation  by  the 
electron-excited  x-ray  continuum  (work  originated 
in  France  in  1962)  in  addition  to  the  usual  secondary 
fluoresc:''’ce  by  characteristic  lines  from  other  ele¬ 
ments  in  the  sample.  The  whole  mathematical  ap¬ 
proach  in  electron-probe  analysis  is  being  prepared 
as  a  computer  program.  This  program  will  be  dis¬ 
tributed  to  analysts  as  soon  as  it  is  available. 

A  Neutron  Coincidence  Detector  for  Safeguards  In¬ 
spections.  The  possibility  that  a  nation  or  even 
a  private  corporation  might  divert  a  certain  portion 
of  its  fissile  (i.e.,  thermal  neutron  fissionable)  mate¬ 
rial  intended  for  peaceful  uses  to  the  production  of 
nuclear  weapons  has  caused  concern  for  a  nuntber 
of  years.  The  seriousness  of  the  problem  is  expected 
to  increase  enormously  in  the  next  decade  as  the  ex¬ 
panded  use  of  nuclear  power  leads  to  the  production 
of  large  amounts  of  plutonium.  Therefore,  a  number 
of  national  and  international  s'.ientific  organizations 
are  examining  the  problem  of  safeguarding  fissile 
material  from  possible  diversion  to  weaptm  manu¬ 
facture. 

NRL  has  developed  a  neutron-coincidence  de¬ 
tector  which  may  prove  to  be  very  helpful  in  one 
type  of  plutonium  inspection  procedure.  By  means 
of  four  BKi  tubes  in  a  polyethylene  moderator,  the 
device  measures  neutrons  produced  in  the  spon¬ 
taneous  fission  ot  '*'Pu.  By  taking  advantage  of  the 
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The  moderated  array  of  BFj  tubes  which 
detect  the  neutrons  is  shown  on  the 
right.  The  coincidence  unit  displays 
simultaneously  the  total  neutron  count, 
the  accidental  coincidence  count,  and 
the  real  (true  plus  random)  coincidence 
count. 


fact  that  the  fission  of  '^Pu  produces  an  average  of 
2.2  neutrons  in  coincidence,  the  instrument  is  also 
able  to  distinguish  fission  neutrons  from  those  which 
might  be  produced  by  a  radioactive  source. 

In  October,  NRL  supplied  a  model  of  this  instru¬ 
ment  to  the  International  Atomic  Energy  Agency 
(IAEA)  in  Vienna  for  use  and  evaluation.  One  of 
the  functions  of  the  IAEA  is  to  conduct  safeguards 
inspections  at  reactor  sites  throughout  the  world. 
The  neutron-coincidence  detector  has  already  been 
used  successfully  in  the  examination  of  plutonium 
plates  at  the  reactor  in  Winfrith,  England,  and  is 
expected  to  be  used  in  a  forthcoming  IAEA  inspection 
of  the  Yankee  reactoi  in  Massachusetts. 

Funds  for  the  research  leading  to  the  development 
of  this  instrument  were  supplied  by  the  U.S.  Arms 
Control  and  Disarmament  Agency.  The  model  shown 
in  the  accompanying  photograph  was  constructed  for 
NRL  by  the  Brookhaven  National  Laboratory. 


The  Nature  of  Neutron  Capture.  According  to  the 
usually  accepted  theory  of  neutron  capture,  the  highly 
excited  capture  states  are  of  such  a  complex  nature 
that  they  may  only  be  described  in  statistical  terms. 
This  theory  is  well  verified  when  one  observes  the 
gamma  decay  averaged  over  a  set  of  resonances  in 
the  same  nucleus.  The  theory  would  also  imply  that 
when  one  observes  the  gamma  decays  resulting 
from  thermal  capture  in  a  set  of  nuclei  which  ar  : 
similar  in  their  low-lying  levels,  he  would  expect  to 
see  no  regularity  in  the  gamma  transitions. 

Recent  studies  of  the  high-enrrgy  electric  dipole 
transitions  following  <hermal  neutron  capture  by 
even-even  deformed  nuclei  with  mass  numbers 
"•180  have  given  results  which  seem  to  contradict 
this  statistical  theory.  A  set  of  seven  neutron-capture 
reactions  in  '“Er.  '"Yb.  '"Hf.  '-Hf.  '"W.  '••W. 
and  "*W  samples  showed  an  interesting  regularity. 
Exceptionally  strong  transitions  were  observed  to 


go  to  rotational  levels  which  have  a  quantum  number 
known  as  “lambda”  or  “the  third  Nilsson  number,” 
which  is  either  aero  or  one.  Other  transitions  were 
either  absent  or  grtiatly  attenuated.  Not  only  does 
such  a  regularity  seemingly  violate  the  statistical 
theory,  but  it  violates  it  in  a  manner  which  is  sugges¬ 
tive  of  a  direct  capture  mechanism. 

A.dvocates  of  a  statistical  model  quite  correctly 
argue  that  in  any  statistical  phenomenon,  seeming 
regularities  can  occur  by  accident.  Three  more 
cases-”*Yb,  '”Yb,  and  '”Yb-were,  therefore, 
investigated  employing  the  external  beam  of  thermal 
neutrons  at  the  NRL  reactor.  These  cases  were 
particularly  interesting,  both  because  they  involved 
nuclei  between  those  of  erbium  and  tungsten,  pre¬ 
viously  studied,  and  because  their  low-lying  levels 
were  well  investigated  by  (d,p)  and  (d,t)  studies. 

The  NRL  results  showed  that  th;  regularity  persists 
in  all  three  reactions.  In  addition  to  the  strong  relative 
population  of  rotational  Nilsson  bands  with  lambda 
zero  or  one,  the  NRL  results  shov.ed  that  there  was 
a  preference  for  particle  states  over  whole  states, 
further  suggesting  direct  capture. 

The  existence  of  this  regularity  in  an  impressive 
number  of  thermal-neutron  capture  reactions  indicates 
the  desirability  of  extending  capture  measurements  c( 
the  same  nuclei  to  the  resonance  neutron  energy 
range.  Such  measurements  ate  now  being  made 
employing  the  NRL  60-milliort-eleclron-voll  linear 
accelerator  time-of-flight  facility,  which  recently 
became  operational.  A  pulse  of  neutrons  less  than  a 
microsecond  in  duration  is  generalnl  in  a  water- 
cooled  tantalum  target  by  means  of  (y,n)  reactions 
produced  by  the  bremsstrahlung  from  the  primary 
electron  beam  pulse  Appropriately  moderated 
neutrons  travel  down  a  beam  tube  and  are  allowed  to 
strike  the  sample  under  study.  The  9-mcter  distance 
between  source  and  sc.-nple  is  precisely  known,  and 
the  energy  of  each  neutron  is  then  calculated  from 
its  arrival  time  aAer  the  source  pulse -thus  the  term  83 
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Neutroii'production  (annet  assembly  for  NRL's  linear 
accelerator  time-of-flight  facility.  The  electron  beam  emerges 
from  the  accelerator's  beam  tube  through  thin,  water-cooled 
metal  foils  and  strikes  the  stainless  steel  target  housing  in 
the  center  of  the  picture.  Inside  the  housing,  the  electrons 
genepte  fast  neutrons  via  cascade  electron-gammu-neutron 
reactions  in  a  series  of  water-cooled  tantalum  plates.  The 
fast  neutrons  are  partly  moderated  in  the  slab  of  polyethylene 
located  behind  the  target,  and  a  fraction  of  them  proceed 
down  a  four-inch-diameter  flight  tube  through  the  wall  behind 
the  target.  Discoloration  in  the  polyethylene  slab  is  due  to 
radiation  damage.  Dimensions  may  be  ascertained  by  com¬ 
parison  with  the  eight-inch-lung  lead  bncks. 


“time-of-flight.  '  The  linear  accelerator  is  ideally 
suited  to  this  work  because  of  its  pulsed  nature  and 
high  intensity  (more  than  10’’  neutrons  per  second 
(time  average)  are  produced  at  the  source). 

For  measurement.s  of  capture  gamma  rays  due  to 
neutrons  in  the  1-200  electron-volt  resonance  energy 
range,  the  element  under  study  is  placed  in  the 
neutron  beam,  and  the  gamma  rays  generated  arc 
measured  by  a  high-resolution  OefLi)  detector. 
Presently,  data  are  recorded  in  a  4.0*^6<hannel 
two-dimensional  array,  usually  with  1 ,024  gamma-ray 
energy  channels  hei-ng  associated  with  each  of  four 
time-of-flight  channels.  A  projected  data-acquisition 
84  computer  with  magnetic-tape  storage  will  have  a  4- 


million-channel  two-dimensional  array  capability; 
its  use  will  permit  4,096  gamma-ray  channels  to  be 
associated  with  each  of  1,024  time-of-flight  channels. 

Preliminary  analysis  of  data  from  “*Yb  indicates 
that  the  gamma  spectrum  for  its  first  resonance  is 
just  like  that  for  thermal  capture  and  exhibits  the 
same  regularities  seen  in  the  thermal  capture  of 
*“Yb  and  other  nuclei. 


Ion  Impiantatloo.  Research  on  the  effects  of  the 
implantation  of  ions  in  solids  has  been  carried  out 
by  the  Nuclear  Physics  Division  and  the  Solid  State 
Appliciitions  Branch  of  the  Solid  State  Division. 
A  number  of  samples  have  been  irradiated  by  the  5- 
million-volt  Van  de  Graaff  accelerator  using  mag¬ 
netically  analyzed  beams  of  *Hc,  **Ar,  “Kr,  “Kr, 
and  '”Xe  ions.  The  experiments  performed  thus  far 
fall  into  two  categories;  (I)  the  implantation  of  an 
accurately  known  number  of  atoms  into  a  solid  in 
order  to  produce  calibration  standards  and  (2)  the 
implantation  of  various  heavy  ions  Into  solids  for  the 
study  of  radiation  effects.  A  third  type  of  experiment, 
in  which  the  implanted  ion  affects  the  electrical 
properties  of  the  target  solid,  will  be  started  in  1969. 
In  preparation  for  these  studies,  an  improved  ion-optic 
system  and  an  analyzing  magnet  were  added  to  a  30- 
thousand-voli  apparatus,  and  the  resolution  of  beams 
of  "B  ions  was  tested  and  found  to  be  good. 

A  particularly  interesting  set  of  experiments  in¬ 
volved  t))c  study  of  the  coloration  of  I  iF  single 
crystals  when  irradiated  with  beams  of  3.0-niillion 
electron-volt  (Mev)  ’He,  *®Ar.  and  *®Kr  ions  and 
2.0  Mev  '”Xe  ions.  A  number  of  new  optical  absorp¬ 
tion  bands  were  found  as  a  result  of  irradiations  with 
these  massive  ions  (Previously,  the  deuteron  was  the 
heaviest  ion  used  to  produce  color  centers  in  LiF.) 
For  comparison,  coloration  in  LiF  was  also  produced 
by  gamma  ray  irradiation,  but  the  new  bands  were 
not  observed.  Precautions  were  taken  during  the 
irradiations  to  insure  that  effects  due  to  heating  or 
electrostatic  charging  were  negligible  and  that  the 
integrated  beam  flux  over  the  area  of  the  crystal 
sample  was  uniform 

The  absorption  spectra  were  measured  with  a  Carey 
l4'spectrophotometer.  and  the  resulting  curves  were 
analyzed  with  a  digital  computer  and  a  Gaussian 
curve  fitting  program.  In  addition  to  the  well-known 
F  and  M  bands  in  LiF,  three  new  absorption  bands 
were  found  with  the  “Ar.  “Kr.  and  '"Xe  irradiations 
at  3,860  angstroms  (A).  4.170A.  and  .'.590A.  A 
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broad,  small-amplitude  absorption  band  was  found 
at  4,280A  for  the  ’He  irradiations,  but  it  is  possible 
that  this  band  is  the  same  as  one  or  a  combination 
of  the  3,860A  and  4,170A  bands  produced  by  the 
more  massive  ions.  Further  experiments  have  been 
planned  to  determine  the  nature  of  the  defects  respon¬ 
sible  for  these  absorption  bands. 

Successive  etchings  were  performed  to  measure 
the  F-center  dependency  of  the  density  on  the  depth 
of  ion  penetration  into  the  crystal.  The  etching 
measurements  agree  quite  well  with  range  calcula¬ 
tions  and  show  that  for  each  type  of  bombarding  ion 
the  F-center  density  is  fairly  uniiorm  along  the 
particle's  penetration  range. 

Charged-Partkic  Energy  Loascs  and  Fluctuations. 

Precise  determinations  of  the  energies  and  widths 
of  nuclear  levels  are  made  at  NRL  by  means  of  beams 
of  charged  particles  from  the  5  million  volt  Van  de 
Graaff  accelerator  after  the  beams  have  passed 
through  a  magnetic  beam  analyzer  and  a  very  precise 
2-meter-radius  electrostatic  beam  analyzer.  These 
well-defined  beams  of  constant,  known  energy  and 
small  energy  inhomogeneily  may  be  used  to  produce 
(p.y)  reactions.  A  plot  of  the  number  of  gamma  rays 
per  incident  particle  versus  the  particle  energy  in 
the  neighborhood  of  a  sharp  resonance  is  called  a 
yield  curve.  This  curve  has  a  shape  wnich  depends 
upon  the  following  factors:  (I)  the  beam  energy 
distribution,  (2)  the  width  and  energy  of  the  nuclear 
re.sonance,  (3)  the  rate  at  which  the  beam  particles 
lose  energy  as  they  interact  with  atomic  electrons 
and  excite  and  ionize  the  atoms  along  their  paths, 
and  (4)  the  statistical  fluctuations  of  these  energy 
losses. 

Studies  based  on  a  theory  of  energy-loss  fluctuations 
advanced  by  P.  V.  Vavilov  have  been  made.  Vavilov 
solved  a  transport  equation  governing  these  loss 
distributions  on  the  assumption  that  the  formula 
which  gives  the  probability  for  the  energy  loss  in  a 
single  collision  of  the  incident  particle  with  an  election 
has  a  simple  form  which  ignores  the  occurrence  of 
"distant  collisions."  The  analysis  of  precisely  mea¬ 
sured  (p.y)  resonance  yield  curves  provides  an  excel¬ 
lent  me, ms  of  testing  this  theory. 

Preliminary  results  indicate  that  fur  targets  of 
aluminum,  which  has  an  atomic  number  of  13.  the 
thei^ry  affords  a  gtHvJ  dcscnplion  of  experimental 
results.  However,  for  a  target  material  such  as 
tantalum  oxide,  which  has  1 8b  electrons  per  molecule. 
It  has  been  found  that  the  description  is  not  good 


The  single-collision  loss  probability  assumed  by 
N'avilov  is  proportiotui  to  the  number  of  electrons 
per  molecule  (Z/A).  Except  for  the  light  atoms,  the 
inner  electrons  are  bound  so  tightly  that  the  prob¬ 
ability  of  excitation  or  ionization  of  the  atom  by  the 
incoming  charged  particle  is  very  small.  One  might 
expect  that  if  a  change  in  the  formula  is  made  such 
that  the  real  Z/A  is  reduced  to  a  smaller  “effective" 
Z/A  a  more  realistic  description  would  result.  This 
has  been  shown  to  be  the  case,  and  it  is  anticipated 
that  the  "effective  ’  Z/A  will  prove  to  be  a  useful 
parameter  in  the  theory  of  energy  loss  and  energy- 
loss  distribution  and  in  the  application  of  the  theory 
to  problems  in  nuclear  and  atomic  physics. 

Triton-Induced  Nuclear  Reactions.  In  the  1967 
Annual  Report,  success  was  reported  in  achieving 
a  systematic  analysis  of  the  triton  elastic  scattering 
data  taken  with  the  NRL  2-million-volt  Van  de  Graaff 
accelerator.  The  principal  product  of  such  studies  is 
a  set  of  parameters  which  generate  wave  functions. 
These  wave  functions  givt;  an  accurate  description 
of  the  interaction  of  the  scattered  particle  with  the 
target  nucleus.  The  importance  of  these  functions 
is  that  they  can  be  utilized  directly  in  nuclear  re¬ 
action  calculations. 

The  optical  model  parameters  obtained  from  the 
scattering  analysis  were  applied  to  a  study  of  triton- 
induced  reactions  employing  the  distorted-wave 
Bom  approximation  (DWBA).  The  two  *ypes  of 
reactions  studied  can  be  represented  as  T(t,p)R  and 
T(t.a)R.  where  T  is  the  target  nucleus  and  R  is  the 
residual  nucleus.  It  is  believed  that  the  triton,  a 
loosely  bound  particle  consisting  of  two  neutrons 
and  a  proton,  interacts  with  a  given  nucleus  pre¬ 
dominantly  by  a  one-step  or  direct  process.  The  (t,p) 
reaction  occurs  when  the  triton,  passing  close  by, 
transfers  its  two  neutrons  to  the  target  nucleus;  the 
(i.<r)  reaction  occurs  when  the  passing  triton  plucks 
a  proton  from  the  target  nucleus.  The  DWBA  method 
treats  both  processes  as  one-step  transitions  between 
scattering  states.  The  initial  scattering  state  is  com¬ 
pletely  described  by  the  elastic  scattering  parameters 
alluded  to  above.  The  final  state  is  completely  de¬ 
scribed  by  optical  model  analysis  of  the  elastic  scat¬ 
tering  of  protons  (or  alpha  particles)  of  the  proper 
energy  by  the  appropriate  nuckt.r  Since,  in  general, 
such  experiments  have  not  been  performed,  published 
values  for  optical  model  parameters  describing  pro¬ 
cesses  that  are  about  the  same  as  (if  not  identical  to) 
the  desired  ones  are  used. 
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Studies  have  been  made  of  (t,p)  reactions  with  tar¬ 
get  nuclei  '"B,  '*C,  "O,  and  *<’Ne  at  energies  ranging 
from  about  1.50  million  electron  volts  (Mev)  to  2.10 
Mev.  Most  of  the  angular  distribution  data  has  been 
subjected  to  DWBA  fitting  procedures  with  excellent 
results.  More  than  half  of  these  distributions  have 
been  successfully  fitted;  some  are  still  under  investi¬ 
gation. 

Analyses  of  (t,a)  reactions  have  been  carried  out 
with  the  data  of  two  experiments -‘'B(t,a)'*Be  and 
*Be(t,a)*Li.  The  first  reaction  v  studied  at  a  range 
of  energies  between  1 .0  and  2. 1  Mev.  and  the  second 
was  studied  only  at  2.1  Mev.  The  aralyses  of  both 
utilized  the  results  of  a  recent  detailed  study  of  the 
(*He,c]r)  reaction  that  indicated  the  need  to  apply  deep 
potential  wells  (about  150  Mev)  instead  of  the  cus¬ 
tomarily  used  shallow  wells  (about  50  Mev)  to  de¬ 
scribe  the  infraction  of  alpha  particles  with  nuclei 
Use  of  the  deep  wells  significantly  improved  the  fits 
to  our  data.  In  addition  to  supplying  information 
concern 'ig  the  nature  of  the  mechanism  of  the  reac¬ 
tion,  the  DWBA  analyses  permitted  the  extraction 
of  “spectroscopic  factors"  which  yield  structural 
information  about  the  product  nuclei. 

Nacku-  Structure  Invcigigatiaas  by  lEdaatk  Electron 
Scattering.  New  versatility  has  been  added  to  the 
electron-scattering  program  of  NRL's  60-miilion- 
electron-volt  (Mev)  electron  linear  accelerator 
(Linac).  A  chamber  designed  to  contain  gaseous 
target  material,  originally  c^sveloped  in  1966,  has 
now  been  put  into  routine  use.  This  chamber  includes 
0.()0025-inch  alloy  windows  for  beam  entry  and  exit. 
It  is  normally  "sed  at  a  65-pounds-per-square-inch 
gas  press:. re  and  at  a  liquid-nitrog.^n  temperature 
of  77*K,  The  recovery  of  expensive  serrated  iso¬ 
topes  is  provided  for  by  a  novel  method  of  freezing 
them  out  at  liquid-helium  temperature. 

The  structure  of  nuclei  having  the  same  even 
number  of  protons  and  neutrons  is  particularly  inter¬ 
esting  since  theoretical  selection  rules  are  unusually 
stringent  in  these  cases.  The  180-degiee  electron 
scattering  should  be  dominated  by  a  s^nall  group  of 
transitions.  These  are  magnetic  dipole  fansitions  to 
states  which  are  analogs  of  states  in  neighboring 
nuclei.  Further,  Dieter  Kurath.  a  prominent  theo¬ 
retician  at  Argonne  National  Laboratory,  predicts 
the  concentration  of  scattering  in  the  lowest  few 
transitions  of  this  kind. 

The  results  reported  last  year  for  '*Mg  ( 1 2  protons, 
86  1 2  neutrons)  are  in  agreement  with  these  predictions. 


SCATTERED  ELECTRON  ENERGY  Ittov) 


Spectrum  of  electrons  scattered  at  1 80  degrees  by  *°Ne  when 
bombarded  by  56-Mev  electrons  from  NRL's  linear  accelera¬ 
tor.  The  peak  at  zero  excitation  energy  is  due  to  elastically 
scattered  elecuons  which  did  not  excite  the  nucleus.  The 
lower  snergy  electrons  show  a  pronounced  peak  due  to 
nuclear  excitation  and  a  continuum  due  to  other  forms  of 
energy  loss.  A  newly  installed  gas  target  chamber  was 
employed  to  obtain  these  data 


with  the  dominant  peaks  corresponding  to  the  two 
lowest-energy  eligible  states  in  *^Na.  Later  results 
based  on  studies  of  “Si  (14  protons,  14  neutrons) 
are  similar,  showing  analogs  of  states  in  “Al.  The 
recent  results  of  studies  of  “Ne  (10  protons,  10 
neutrons)  are  even  more  striking  As  can  be  seen 
in  the  accompanyiikg  figure,  the  spectrum  of  elec¬ 
trons  scattered  from  *®Nc  shows  only  one  pronounced 
peak  in  the  region  extending  from  the  elastic  scatter¬ 
ing  peak  to  20-Mev  excitation.  This  peak  is  due  to 
the  transition  to  the  analog  of  the  lowest  eligible  state 
in  “F. 


Rcacarcb  Program  with  tbe  Sector  Focuiiog  Cyclotron. 
The  first  high-energy  beam  was  extracted  from  the 
NRL  cyclotron  on  February  12,  1963.  On  the  follow¬ 
ing  March  II,  a  particle  beam  was  transported 
through  the  9  foot  radius-of-curvature  analyzing 
magnet  and,  on  April  27.  was  transported  into  experi¬ 
mental  room  No.  2.  In  May,  isotope  pixxluction  was 
initiated  in  the  cyclotron  vault,  and  preliminary 
measurements  on  the  dop^ler-shifl  attenuation 
experiment  were  started.  Preliminary  scattering 
studies  were  begun  with  the  30-inch-diameter  scatter¬ 
ing  chamber  in  e.xperimental  room  No.  3  during  June. 
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By  the  end  of  the  year,  all  of  the  planning  for  the 
initial  start-up  of  the  cyclotron  facility  had  been 
accomplished.  This  included  operation  of  the  cyclo¬ 
tron  for  a  variety  of  particles  covering  the  energy 
range  from  about  10  to  50  million  electron  volts,  the 
installation  and  operation  of  three  beam  paths  (one 
to  each  of  the  three  experimental  rooms),  and  the  full 
operation  of  several  experimental  programs.  This 
work  was  sufficiently  well  advanced  by  the  middle 
of  September  to  permit  four  abstracts  describing 
research  results  to  be  included  in  the  program  of  the 
November  (Miami)  meeting  of  the  Nuclear  Physics 
Division  of  the  American  Physical  Society.  Subjects 
on  which  reports  have  been  written  and  on  which 
work  continues  include  doppler-s.iift  attenuation, 
J’'  dependence  in  alpha  induced  reactions,  multi¬ 
particle  breakup  mode  of  *Li-^He  and  ’L.MHe  reac¬ 
tions,  and  activation  analysis.  In  addition,  the  cyclo¬ 
tron  has  provided  service  irradiations  to  NASA, 
Thompson  Ramo  Wooldridge,  and  The  Space 
Sciences  Division  of  NRL.  Other  studies  actively 
under  way  involvi  neutron  particle  correlation, 
polarization,  isospins,  and  the  distribution  of  energy 
lost  by  fast  charged  particles  in  thin  silicon  solid-state 
detectors. 

NRL  and  Georgetown  University  scientists  have 
collaborated  in  nuclear  research  for  several  years; 
a  new  collaborative  study,  this  one  of  (alpha,  xn) 
reactions,  was  begun  by  NRL  and  Indiana  University 
physicists  in  1968. 


New  Approach  to  Bound  Stales  of  Two  Spin  Waves  in 
Heisenberg-Type  Ferrontagnels.  In  theoretical  in¬ 
vestigations  of  insulating  ferromagnets,  the  Heisen¬ 
berg  model  of  ferromagnetism  has  proved  to  be  a 
productive  source  of  experimentally  interesting  and 
significant  predictions.  In  this  model,  the  spins  of  the 
magnetic  ions  are  assumed  to  be  coupled  by  exchange 
interactions,  which  may  extend  to  any  arbitntry  num¬ 
ber  of  neighbors.  The  low-energy  collective  excita¬ 
tions  of  such  a  .-ystem  of  coupleil  spins  iue  called 
"spin  waves,"  Such  excitatii-ns  are  susceptible  to 
detailed  experimental  investigation  n  a  number  of 
ways,  the  most  accurate  and  general  one  being  by 
means  of  the  spin-wave  scattering  of  poliui/cd 
neutrons  Ihis  method  was  first  proposed  and  used 
by  NRL  scientists  in  the  early  I96t)'s. 

It  has  been  known  theoretically  for  some  time  that 
spin  waves  can  clustei  together  to  form  Kuind  slates 
Very  recently,  olhei  theorists  h.ise  predicted  lh.it 


such  states  should  be  experimentally  detectable  by 
inelastic  neutron  scattering,  just  as  free  spin  waves 
have  been  detected.  In  spite  of  the  considerable  ex¬ 
perimental  interest  in  this  bound-state  question, 
no  theoretical  investigations  of  a  general  scope  have 
been  carried  out  on  this  subject. 

The  present  NRL  investigation  initiates  a  general 
theoretical  attack  on  the  problem  of  two  bound  spin 
waves  in  Heisenberg-like  ferromagnets.  In  the  formu¬ 
lation  of  this  problem,  a  new  and  powerful  calcula- 
tional  method  has  been  introduced  into  solid-state 
physics.  This  method,  the  trace-inequality  method, 
consists  of  a  generalization  of  procedures  from 
nonrelativistic  scattering  theory,  heretofore  neg¬ 
lected  in  solid-state  applications. 

By  means  of  the  trace-inequality  approach,  rigor¬ 
ous  and  practical  sufficient  conditions  for  the  exis¬ 
tence  and  nonexistence  of  oound  spin-wave  states 
have  been  discovered.  These  conditions  are  appli¬ 
cable  to  a  wide  '•'ass  of  crystal  structures  and  to 
essentially  arbitrary  modes  of  coupling  of  the  magnetic 
ions  of  the  class  of  ferromagnets  of  interest.  By 
using  this  approach  on  a  high-speed  electronic  com¬ 
puter,  it  IS  possible  in  principle  to  map  out  the  re¬ 
gions  of  existence  and  nonexistence  of  bound  states 
of  two  spin  waves  under  extremely  general  conditions. 

The  method  has  been  successfully  applied  to  the 
case  of  a  body-centered  ferromagnetic  crystal  with 
nearest-neighbor  couplings.  Comparisons  of  these 
results  with  those  obtained  previously  indicate  that 
crystal  structure  plays  an  important  role  in  the  bound- 
state  spin-wave  problem,  a  conclusion  that  had  not 
been  established  by  previous  theoretical  work. 


Iteration  Froccdures  for  Analysis  of  Scattering  Pro¬ 
cesses.  The  method  perhaps  most  widely  applied 
for  analyzing  scattering  processes  in  quantum  me¬ 
chanics  is  the  Born  perturbation  expansion,  which 
expresses  the  solution  as  a  power  series  in  a  coupling 
constant  k.  This  power  scries  is  a  good  approxim’.tion 
only  for  values  of  k  :hat  are  sufficiently  small;  the 
method  is  frequently  successful  in  atomic  physics 
where  k  -  I/I. ^7.  but  usually  fails  for  nuclear  and 
particle  prevesses  where  k  15.  A  completely  dif 
ferent  approach  which  shows  promise  of  being  ap¬ 
plicable  to  these  strong  interactions  has  been  con¬ 
ceived  at  NRL  and  the  first  stage  of  its  development 
completed 

I'he  NRl  approach  deals  with  the  class  of  inter¬ 
action  procedures  that  c,  n  be  writ'en  as  a  functional  07 
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F(i|»)  used,  via  the  rule  to  generate  a 

sequence  ipo,  >lii,  <lii,  ...  desired  to  converge  quickly 
to  the  wave  function  of  the  quantum  system.  Given 
such  a  functional  Fi(i|i),  one  seeks  methods  of  manipu¬ 
lating  it  to  obtain  an  improved  Fi(i|»):  the  starting 
point  is  the  functional  which  generates  the  Bom  ex¬ 
pansion.  Four  such  methods  have  been  developed 
which,  if  applied  serially,  are  capable  of  generating 
many  useful  and  accurate  iteration  procedures.  In 
these  methods,  a  central  role  is  played  by  matrix 
elements  which  measure  the  behavior  of  a  functional 
for  small  and  large  distances  from  the  scattering 
center. 

In  addition  to  their  flexibility,  an  important  advan¬ 
tage  of  such  iteration  procedures  is  that,  in  contrast 
to  the  standard  perturbation  expansion,  the  choice 
of  i/io  need  not  be  the  (unperturbed)  free  wave  solution. 
It  is  possible  to  select  an  input  which  better  represents 
the  average  wavelength  in  the  scattering  region. 

The  NRL  approach  has  been  worked  out  and  suc¬ 
cessfully  applied  to  the  case  of  simple  potential 
scattering.  For  this  case,  it  is  much  more  powertul 
than  the  Bom  expansion  and  does  indeed  appear  ade¬ 
quate  for  strong  interactions.  During  their  develop¬ 
ment,  the  iteration  improvement  methods  were 
carefully  restricted  to  those  which  seemed  to  promise 
straightforward  extension  to  the  more  complex  cases 
of  actual  physical  interest. 

A  significant  byproduct  of  this  effort  is  a  new  ap¬ 
proach  for  investigating  the  domain  of  validity  of 
the  Bom  expansion  and  of  bounding  the  CTor  in¬ 
volved  in  truncating  it  at  any  given  stage. 


Plasma  Physics 

Thermal  Blooiiiing  of  Laser  Beams.  Considerable 
effort  is  presently  being  direc»ed  toward  developing 
laser  beams  for  use  in  communications  and  ranging 
and  for  other  applications  where  a  continuous, 
intense  beam  or  a  pulsed  be.^m  with  a  high  repetition 
rate  is  directed  long  distances  through  the  atmosphere. 
It  is  now  well  known  that  in  many  practical  cases 
there  is  sufficient  absorption  of  energy  from  the 
beam  to  cause  heating  of  the  medium  and  a  consequent 
change  in  its  index  of  refraction.  In  many  media, 
this  change  is  negative  << '  1  thus  produces  a  diverging- 
lens  effect  leading  to  a  lowering  of  the  beam’s  power 
density  and  a  degradation  of  its  optical  quality. 
Due  to  the  increase  in  beam  divergence,  the  phenom- 
88  cnon  ha:  become  known  as  "thermal  blooming"  or 


"self-defocusing."  As  a  result  of  thermal  blooming, 
the  distance  over  which  a  given  laser  beam  power 
density  may  be  propagated  is  greatly  reduced.  It  is 
of  considerable  importance,  therefore,  to  under¬ 
stand  the  mechanisms  controlling  thermal  blooming 
in  order  to  find  ways  of  minimizing  the  effect. 

In  response  to  the  need  for  a  detailed  experimental 
analysis  of  thermal  blooming,  NRL  initiated  direct 
interferometric  observations  of  the  index  changes 
arising  in  this  phenomenon.  A  6S-milliwatt  helium- 
neon  laser  (6,328  angstroms)  was  used  to  furnish 
the  heating  beam  for  propagation  through  a  cell 
containing  carbon  tetrachloride  doped  with  iodine  to 
increase  the  absorption  coefficient.  The  liquid  cell 
was  placed  in  one  arm  of  a  large  Mach-Zehnder 
interferometer,  with  the  optical  path  of  the  inter¬ 
ferometer  arm  at  right  angles  to  the  heating  beam. 
A  moving-picture  camera  simultaneously  recorded 
the  index  changes  in  the  medium  as  revealed  by  the 
interferometer  fringe  pattern  and  the  intensity 
pattern  of  the  laser  beam  as  it  exited  from  the  liquid 
cell  (see  figure).  In  this  way,  spatially  and  temporally 
resolved  data  on  the  index  variation  could  be  corre¬ 
lated  with  the  observation  of  thermal  blooming. 

In  the  initial  phase  of  the  experiment,  a  study  was 
made  of  ..ertain  features  of  the  phenomenon  which 
could  be  described  by  theoretical  expressions  in 
closed  form.  The  agreement  between  experiment 
and  theory  was  satisfactory.  The  evolution  of  the 


Interference  fringe  defections 
due  to  the  heating  of  iodine-doped 
carbon  tetrachloride  by  the 
absorption  of  laser  light  are 
shown  at  three  different  times: 
ttop)  0.9  second,  before  convec¬ 
tion  begins;  (center)  2..S  seconds, 
near  the  onset  of  convection;  and 
(bottom)  6.7.S  seconds,  the  begin¬ 
ning  of  the  steady-state  convec¬ 
tive  stage.  The  heating  beam 
pa.sses  through  the  cell  horizon¬ 
tally  from  left  to  right.  The  two 
smiill  patterns  at  the  right  show 
the  bloomed  laser  beam  as  viewed 
5S  centimeters  from  the  exit 
window  of  the  liquid  cell.  (Two 
patterns  are  produced  because  of 
reflections  from  the  two  surfaces 
of  the  beam  splitter.' 

1,1.1  ; 
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process  from  a  conduction  regime  to  a  convection 
regime  couid  be  clearly  seen  in  the  interferometer 
fringe  patterns. 

In  future  experiments,  an  attempt  will  be  made  to 
eliminate  the  contribution  of  convection  to  heat 
dissipation  by  selecting  a  liquid  medium  in  which 
convection  does  not  occur;  then  the  process  will 
depend  only  on  the  equations  governing  heat  conduc¬ 
tion  and  light  propagation.  These  equations  are 
being  solved  on  a  digital  computer  so  that  the  most 
general  aspects  of  the  phenomenon  may  Le  studied. 
Planned  also  is  an  investigation  of  thermal  defocusing 
in  air;  techniques  developed  in  the  study  of  defocusing 
in  liquids  will  be  applied,  although  a  carbon  dioxide 
laser  will  be  used  as  the  beam  source. 


Collisjonless  Shock  Wave  Research.  Research  has 
been  under  way  for  several  years  at  NRL  and  at 
various  laboratories  throughout  the  world  to  clarify 
the  nature  of  collisionless  shock  waves.  Such  shocks 
can  occur  only  in  plasmas  since  they  are  caused  by 
collective  phenomena  rather  than  the  binary  collisions 
that  are  responsible  for  ordinary  gas  dynamic  shock 
waves.  Collisionless  shock  waves  are  of  interest  for 
several  reasons;  They  offer  a  new  approach  to  con¬ 
trolled  thermonuclear  fusion,  they  occur  in  nature 
(for  example,  the  solar  wind  impinging  on  the  Earth  s 
magnetic  field  is  known  to  produce  a  collisionless 
"bow  shock"  between  the  Earth  and  the  sun),  and 
they  display  the  collective  dissipation  and  nonlinear 
phonomena  that  are  so  important  in  many  laboratory 
and  natural  plasmas. 

At  NRL,  collisionless  shock  waves  have  been 
produced  in  a  small  theta-pinch  tube.  The  procedure 
begins  with  the  ir\jection  of  a  plasma  into  the  appa¬ 
ratus.  An  initial  axial  magnetic  field  is  then  estab¬ 
lished.  following  which  a  novel  energy-storage  system 
is  rapidly  discharged  througb  the  theta-pinch  coil. 
This  produces  cylindrically  symmetric  shocK  waves 
which  rapidly  (up  to  2  x  |0"  centimeters  per  second) 
implode  toward  the  tube  axis.  The  energy-,  torage 
system  utilizes  very  high  voltage  transmission  lines 
to  deliver  up  to  10'“  watts  of  electrical  p<rwer  to  the 
coil  during  a  period  of  60  nanosecond. 

The  shock  waves  are  detected  by  observing  the 
compression  of  the  initial  miignetic  field  on  miniature 
probes  inserted  into  the  tube.  The  magnetic  structure 
of  the  sh(Kk.  and  particularly  the  thickness  of  the 
front,  is  of  considerable  theoretical  interest.  NRL 
physicists  have  observed  shiK'k  thicknesses  in  an 
argon  plasma  that  arc  two  orders  of  magnitude 


narrower  than  had  been  predicted.  Recent  reports  of 
ob.servations  of  the  Earth’s  bow  shock  by  the  OGO-V 
satellite  indicate  that  it  is  similarly  thin. 

Measurements  have  also  been  made  of  the  electron 
heating  in  these  waves  by  observing  the  x-ray  brems- 
strahlung  that  is  produced.  With  the  aid  of  an  NRL- 
developed  computer  code,  the  relative  x-ray  fluxes 
through  sets  of  metal  foils  of  different  composition 
have  been  interpreted  to  determine  the  thermal 
energy  of  the  radiating  electrons.  The  measurements 
indicate  that  the  electrons,  and  probably  the  ions 
as  well,  are  heated  to  enormous  energies.  In  argon, 
electron  temperatures  of  over  100  thousand  electron 
volts  have  been  measured.  The  heating  rates  are  too 
fast  to  be  accounted  for  by  ordinary  Joule  heating. 
Considerable  effort  is  therefore  being  devoted  to 
identifying  possible  collective  dissipation  mechanisms 
that  might  be  responsible  for  this  phonomenon. 

Equipment  for  a  larger,  complementary  experiment 
has  been  built  at  the  University  of  Maryland  under 
the  NRL- University  of  Maryland  Joint  Program  in 
Plasma  Physics.  It  is  hoped  that  over  the  next  year 
much  progress  can  be  made  through  the  two  experi¬ 
ments  in  understanding  this  fascinating  plasma 
phenomenon. 


Hard  Core  Theta-Pinch.  For  some  years,  scientists 
at  NRL  have  been  investigating  methods  of  heating 
and  confining  ionized  gases  (plasmas)  at  extremely 
high  temperatures.  The  principal  device  developed 
for  this  purpose  has  been  a  theta-pinch,  in  which  a 
solenoid  is  used  to  produce  an  axial  magnetic  field 
that  compresses  radially,  heats,  and  confines  (free 
of  cool  walls)  plasmas  at  temperatures  as  high  as 
10  million  degrees.  One  of  the  problems  that  has 
arisen  is  that  numerous  instabilities  occur  in  the 
coupling  of  hydrodynamic  and  electromagnetic 
processes.  These  insti;bililies  are  as  yet  not  well 
understood  theoretically.  In  addition  to.  but  not 
entirely  separate  from,  that  problem  is  the  difficulty 
of  closing  the  "magnetic  bottle”  at  the  ends  of  the 
solenoid  to  increase  the  time  that  the  hot,  high- 
pressure  plasmu  can  be  contained. 

In  an  effort  to  improve  the  stabilization  of  the 
plasmu  while  maintaining  closed  magnetic-field  lines 
at  the  ends  of  the  soleno.d.  radial  shear  was  intro¬ 
duced  in  the  field  between  the  inner  and  outer  radii 
of  the  annular  plasma  that  forms  between  the  17- 
centimeter-diumeter  container  and  an  insulated  axial 
conductor  ("hiird  core")  through  which  a  high  current 
(up  to  I  meganipere)  was  passed  (see  diagram).  The  09 
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helical  field  lines  resulting  from  the  axial  and  azi¬ 
muthal  field  components  change  direction  across  the 
plasma  layer,  thereby  producing  the  desired  shear. 
The  radial  evolution  of  the  resulting  plasma  is  il¬ 
lustrated  here  along  with  the  two  currents.  The 
figure  indicates  gross  stability  and  equilibrium  for 
the  peak-current  portion  of  the  dischatge. 

In  order  to  better  understand  the  detailed  structure 
of  the  plasma,  magnetohydrodynamic  computer  pro¬ 
grams  have  been  written  and  used  successfully  to 
predict  both  the  observed  macroscopic  plasma  be¬ 
havior  (see  figure)  and  such  basic  plasma  parameters 
as  density,  temperature,  internal  fields,  and  stability 
criteria  within  the  plasma  proper. 

Under  the  present  operating  conditions,  the  life¬ 
time  of  the  plasma  is  limited  by  diffusion  o'  the  con- 
finir>g  fields  into  the  plasma  and  by  rotatioii.''!  pertur¬ 
bations  caused  both  by  axial  currents  in  the  plasma 
near  its  ends  and  oy  slight  asymmetries  in  the  position 
of  the  central  rod.  These  effects  are  being  studied 
in  more  detail  by  means  of  improved  diagnostic 
techniques. 
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Radial-density  distribution  versus  tim.e  determined 
on  the  basis  of  experimental  streak  photographs 
and  computed  constant-density  zones.  The  x's 
represent  computed  peak-density  regions  at 
early  times. 


High-Brightncu  Glaas  Latere.  Advances  in  laser 
technology  in  the  past  two  years  have  made  laser 
systems  competitive  with,  and  in  some  respects 
superior  to,  other  methods  of  generating  shc.  t- 
duration  bursts  of  energy.  Peak  powers  of  20  giga¬ 
watts  (2  X  I0‘^  watts)  in  a  30-nanosecond  pulse 
have  been  obtained  with  a  system  consisting  of  a 
well-controlled  master  oscillator  and  a  number  of 
amplification  stages.  Because  of  the  high  degree  of 
collimation,  the  beam  can  be  focused  to  obtain 


peak  power  densities  of  greater  than  10"  wetts/ 
square  centimeter. 

The  laser  is  attractive  for  plasma-confn.-mt.nt 
experiments  because  the  light  beam  does  not  ii:  /.r- 
act  with  magnetic  fields.  This  makes  it  possible  to 
create  a  plasma  inside  a  magnetic  "bottle"  and  avoid 
the  difficulties  that  are  encountered  in  injecting  plasma 
into  a  confinement  geomeU7. 

In  addition,  the  combination  of  high  power  and  low 
divergence  makes  lasers  of  this  type  suitable  for 
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experiments  in  frequency  conversions  and  other  non¬ 
linear  optics  phenomena. 

Neodymium-doped  laser  glass  has  been  the  most 
desirable  laser  material  for  this  type  of  system  be¬ 
cause  of  the  ease  with  which  large  rods  can  be 
fabricated  compared  with  such  fabrication  from  crys¬ 
talline  laser  media.  However,  domestically  sipplied 
laser  glasses  have  such  a  low  damage  threshold  that 
large  systems  would  be  exceedingly  inefficient. 

The  French  have  succeeded  in  producing  a  laser 
glass  with  a  very  high  damage  threshold  and  in 
incorporating  this  into  high-power  laser  systems. 
NRL  has  purchased  and  is  now  operating  a  three- 
stage  system  which  produces  60  joules  in  a  30- 
nanosecond  pulse.  The  system  consists  of  a  rotating 
prism  switched  oscillator  and  two  amplifiers.  The 
oscillator  produces  a  well-collimated  3-joiile  pulse, 
and  the  amplifiers  raise  the  beam  energy  to  60  joules. 
It  is  planned  to  add  several  more  amplifier  stages  to 
this  laser  system  to  produce  SOO  joules  in  30  nano¬ 
seconds.  Additional  oscillators  arc  being  designed  to 
produce  sub-nanosecond  pulses,  which  will  be  ampli¬ 
fied  to  high  energy. 


NRL’s  glass  laser  system  (CGE  VD320).  The  oscillator 
is  on  the  right  end  of  the  optical  bench,  and  the  two  ampli¬ 
fiers  are  on  the  left.  The  first  amplifier  raises  the  output 
level  to  24  joules  and  the  second  to  60  joules.  The  conftol 
console  is  on  the  left,  and  the  flashlamp  power  supplies  are 
on  the  right. 


MATHEMATICS  AND 
INFORMATION  SCIENCES 

Information  Systems.  Naval  and  other  national 
authorities  require  an  information  system  capable  of 
designating  the  position  and  identity  of  all  mobile 
platforms  above,  under,  and  on  the  world's  oceans. 
NRL  is  conducting  a  multiphase  research  effort  to 
develop  this  capability.  The  initial  phases  are  aimed 
at  providing  a  timely  and  accurate  data  base  for  such 
a  system.  Future  efforts  will  examine  methods  of 
facilitating  interaction  between  the  data  base  and 
the  decision  makers  or  users  of  the  information 
system. 

The  basic  information  flowing  into  the  system 
consists  of  reports  generated  by  various  sensors  and 
intelligence  sources.  These  reports  can  be  conflicting 
and  incomplete,  lacking  the  unique  identifiers  of  the 
object  of  the  report.  Methodological  investigations 
are  being  conducted  to  derive  algorithms  to  permit 
association  of  such  reports  arising  from  a  common 
object.  Several  candidate  algorithms  have  been 
developed,  and  work  is  continuing  in  this  area. 

To  support  the  analytic  investigations,  a  computer 
test  bed  is  being  developed.  The  test  bed  will  provide 
a  means  of  evaluating  candidate  methodologies  in 


a  realistic  report  environment.  In  addition,  it  will 
provide  a  means  of  performing  sensitivity  analyses 
that  can  isolate  areas  requiring  improvements  in 
sensor  technologies  to  supply  information  needs  not 
presently  satisfied. 

Future  studies  will  also  consider  associated  prob¬ 
lems  of  a  total  intelligence  information  system, 
including  the  man-machinc  interface.  Development 
of  query  languages  and  computer-based  artificial- 
intelligence  techniques  which  imitate  human  activity 
in  association  and  correlation  are  among  the  activities 
to  be  pursued. 

PhaMd-Array  Radar.  A  phased-array  luitcnna  is 
an  inherently  flexible  sensor.  As  yet,  no  adequate 
methodology  exists  which  systematically  exploits 
this  flexibility  for  its  incorporation  into  an  adaptive 
controlled  radar.  Such  a  radar  is  one  which  continually 
monitors  its  own  performance  relative  to  a  given 
optimal  condition  and  modifies  its  parameters  by 
means  of  closed-loop  action  to  approach  the  optimum. 

The  NRL  objective  in  this  area  is  to  develop  a 
methodology. 

A  simulation  model  of  the  search  mode  of  such  a 
phased-array  radar  has  been  developed.  The  basic 
components  are  a  search  strategy,  an  evasion  policy.  91 
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and  a  radar  environment.  The  program  is  packaged 
so  that  each  of  the  m^or  radar  functions  is  represented 
by  a  distinct  module.  Thus,  modifications  can  be 
readily  implemented. 

The  evasion  policy  permits  the  direction  of  a  target 
to  be  shifted  a  random  amount  at  random  intervals 
of  time.  The  radar  environment  is  assumed  to  be  one 
with  random  noise  but  no  clutter  or  jamming.  Various 
classical  search  procedures  have  been  used. 

A  tracking  package  has  been  developed  which 
uses  a  second  order  Kalman  filter  to  predict  future 
target  positions. 


Analytic  Fonctiou  uk1  'nicir  AppUcattons.  Analytic 
functions  play  a  central  role  in  many  fields  of  pure 
and  applied  mathematics,  and  they  have  important 
applications  to  problems  in  science  and  engineering. 
Approximations  to  and  with  the  use  of  analytic  func¬ 
tions  have  become  of  increasing  importance  with  the 
widespread  use  of  automatic  digital  computers  in 
scientific  research.  This  project  is  concerned  with 
the  study  of  certain  basic  properties  of  analytic 
functions  which  are  of  particular  importance  fw  their 
applications  and  for  the  development  of  simple  and 
accurate  approximations. 

These  properties  include  the  average  size  and  rate  of 
growth  of  the  functions  and  their  derivatives,  their 
representations  by  power  serier,  and  their  distribution 
of  values  and  zeros.  An  especially  useful  and  interest¬ 
ing  class  of  entire  furretions  of  bounded  index  has  been 
defined  and  studied  with  reference  to  these  properties. 
These  functions  have  alro  been  found  useful  in  the 
study  of  certain  types  of  differential  equations  of 
infinite  order,  and  a  paper  on  tliis  subject  has  appeared 
in  volume  1 1  of  the  Proceedings  of  Symposia  in  Pure 
Mathematics,  published  by  the  American  Mathe¬ 
matical  Society. 

A  partial  characterization  of  the  class  of  functions 
of  bounded  index  in  terms  of  the  important  properties 
of  order  and  type  is  given  by  NRL’s  determination 
that  an  entire  function  of  bounded  index  is  necessarily 
of  exponential  type  and  therefore  does  not  have  a 
rate  of  growth  exceeding  that  of  an  exponential 
function,  lliis  important  fact  led  to  a  more  detailed 
investigation  into  the  class  of  functions  of  exponential 
type  and  to  the  partial  characterization  of  those 
functions  in  terms  of  their  comparative  rates  of  growth 
and  their  derivatives.  This  work  was  presented  to  the 
1968  summer  meeting  of  the  American  Mathematical 
Society  and  will  he  published  in  ihv  Journal  of  Mathe- 
92  matical  Analysis  and  Applications. 


The  importance  of  this  work  for  applications  and 
numerical  approximations  to  problems  in  science  and 
engineering  is  greatly  enhanced  by  the  following 
facts:  (1)  functions  of  bounded  index  possess  particu¬ 
larly  simple  and  accurate  approximations  by  partial 
sums  of  their  power  series  expansions,  and  (2) 
the  class  of  functions  of  bounded  index  includes 
many  of  the  standard  functions  of  analysis,  such  as 
the  exponential  and  trigonometric  functions,  and 
certain  types  of  Bessel  and  confluent  hypergeometric 
functions.  In  fact,  any  function  which  satisfies  a 
linear  differential  equation  with  polynominal  coeffi¬ 
cients  for  which  the  degree  of  the  leading  polynominal 
is  not  less  than  the  degree  of  any  other  of  the  poly¬ 
nominal  coefficients  is  necessarily  of  bounded  index. 

Analysis  of  Noncentrosymmctric  Crystal  Stmetura. 

The  occurrence  of  overlapping  vectors  usually  com¬ 
plicates  the  problem  of  determining  crystal  structures. 
A  mathematical  formalism,  developed  at  NRL,  which 
facilitates  recognizing  and  coping  with  this  frequently 
occurring  problem,  has  permitted  the  elucidation  of 


With  reference  to  •  structural  model,  an  NRL  mathemati¬ 
cian  points  out  a  characteristic  feature  of  two  variants  of 
androstane  crystals  (a  single  pentagonal  ring  of  atoms 
among  three  hexagonal  rings). 
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several  complex  noncentrosymmetric  crystal  struc- 
tiires.  The  method  is  strongly  dependent  on  a  recently 
derived  probability  distribution  involving  the  phases 
of  the  crystal  structure  factors  as  well  as  on  a  novel 
least-squares  technique,  both  obtained  by  the  mathe¬ 
matics  group  at  NRL.  The  crystal  structures  of  estnol 
and  two  variants  of  androstane,  sex  hormones  having 
important  application  in  cancer  research  and  crys¬ 
tallizing  in  noncentrosymmetric  space  groups,  have 
been  determined  by  these  techniques  using  experi¬ 
mental  data  supplied  by  scientists  at  the  Medical 
Foundation  of  Buffalo. 

Polynomial  Approximations  on  the  Whole  Real  Line. 

Frequently  it  is  advantageous  to  approximate  a 
mathematical  function  by  another  function  more 
amenable  to  some  particular  use.  (Such  approxima¬ 
tions  are  frequently  used  in  machine  computations.) 
Improved  methods  of  determining  the  accuracy  of 
approximate  functions  are  obviously  of  prime  impor¬ 
tance. 

Given  a  continuous  real-valued  function  F(x)  on 
(-00,00)  and  a  positive  integer,  N,  it  is  desired  to 
approximate  F(x)  by  a  polynomial  P.v(x)  of  degree  N 
(or  less).  As  a  measure  of  accuracy  in  performing 
this  approximation,  consider  the  quantity  |F(x)  - 
Pv(x)|  w(x)  and  let  E  v  be  the  maximum  of  this  quantity 
over  all  x  in  the  interval  (-00,00).  Here,  w(x)  is  a 
"weight”  function,  a  standard  example  of  which  is 
w(x)  =  e  for  a  S'  I. 

It  is  desirable  to  choose  P\(x)  so  as  to  minimize 
Ev  and  thus  make  the  approximation  as  accurate  as 
possible. 

For  the  case  w(x)  =  e  ^  2,  a  lower  bound 

has  been  found  for  E\  which  matciics  the  upper 
bound  demonstrated  by  the  Russian  mathematician 
Dzrbasyan  in  19.S.S.  In  fact,  for  a  general  class  of 
continuous  functions  there  are  two  constants,  A  and 
B,  with  0  <  A  <  B.  such  that  AN'  "  '  <  F:^  •  BN'  "  '. 

For  the  case  I  s  n  <  2,  the  question  remains 
unresolved,  and  work  is  now  proceeding  on  this 
aspect  of  the  problem. 

SUlistIcii)  Decomposition  of  Mixtures.  Ii.  various 
fields  of  scientihe  reseimeh  are  occurrences  of  popula¬ 
tions  consisting  of  mixtures  of  a  number  of  sub¬ 
populations.  For  example.  Karl  Peiirson  considered 
mixtures  consisting  of  two  (iai  ssian  subpopulations 
in  his  work  on  "the  mathematical  theory  of  evolution." 
More  recently,  mixtures  of  Gaussian  subpopulations 


A  simple  case  of  statistical  decomposi¬ 
tion  of  mixtures.  .Suppose  the  probability 
density  function  fix)  is  observed  in  a 
phenomenon  of  interest.  The  decomposi¬ 
tion  of  this  probability  density  function 
into  its  component  parts,  in  this  case 
a  gaussian  distribution  fdx).  is  useful 
in  elucidating  the  characteristics  of  the 
phenomenon.  Improved  methods  of 
solving  the  general  statistical  decomposi¬ 
tion  problem  have  been  developed  by 
NRI.  mathematicians. 


have  been  considered  in  connection  with  a  study  of 
the  composition  of  primary  cosmic  radiation.  In 
general,  the  problem  is  this:  Given  a  sample  from  a 
population  that  is  known  to  eonsist  of  a  finite  number 
of  suhpopulations,  each  of  wluise  probability  density 
funetions  depends  upon  a  number  of  parameters, 
estimate  the  parameters  on  the  basis  of  the  sample. 

The  ways  of  solving  this  problem  are  the  "method 
of  moments"  and  the  “method  of  maximum  likeli¬ 
hood."  Both  ways  involve  solving  complicated 
systems  of  nonlinear  equations.  The  maximum- 
likelihoixl  estimate  is  better  than  the  method-of- 
moments  estimate,  but  its  system  of  equation  is  by 
far  the  more  difficult  to  solve.  NRI.  mathematicians 
have  shown  that  for  certain  types  of  mixtures,  the 
maximum-likelihood  estimate  satisfies  several  com¬ 
paratively  simple  equations,  the  use  of  which  makes 
the  maximum-likelihocxl  equations  easier  to  solve. 

The  use  of  these  equations  also  yields  the  following 
results: 

I.  The  maximum-likelihood  estimate  of  the  various 
parameters  for  a  mixture  consisting  of  a  finite  number 
of  subpopulations  each  having  a  Gaussian  distribution 
and  a  finite  number  of  siibpopulaiions  each  having 
a  gamma  distribution  satisfies  the  first  method-of- 
momenls  equation. 

’  The  maximum-likelihood  estimate  of  the  viu'ious 
parameters  for  a  mixture  consisting  of  a  finite  number  93 
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of  subpopulations  each  having  a  Gaussian  distribution 
satisfies  both  the  first  and  second  method-of-moments 
equations. 

Primitive  Roots.  The  natural  numbers  together  with 
the  somewhat  dependent  operations  of  multiplication 
and  addition  modulo  a  prime,  p,  form  a  system  that 
mathematicians  call  “a  field."  All  of  the  integers 
in  this  field  may  be  obtained  by  finding  a  suitable 
integer,  g  (called  “a  primitive  root  of  p”),  and  then 
taking  consecutive  powers  g,  g*,  g’, ...  modulo  p. 

The  digits  of  the  modulo  p  integers  g,  g*,  g’, ...  give 
a  long  sequence  of  nonrepeating  digits  that  have  the 
appearance  of  being  random.  These  generated  random 
digits  (together  with  some  general  modifications)  can 
therefore  be  suitably  employed  in  communications 
sciences  (in  the  generation  of  random  signals),  in 
cryptography  (for  coding),  in  physics  (when  Monte 
Carlo  methods  are  employed),  etc. 

Of  particular  interest  is  the  distribution  of  the 
primitive  roots  themselves.  The  primitive  roots 
appear  to  have  a  random  distribution.  It  has  been 
shown  that  among  certain  classes  of  integers  (too 
complex  to  describe  in  detail  here)  there  are  arbitrar* 
ily  long  sequences  of  primitive  roots  in  arithmetic 
progression  (for  all  sufficiently  large  primes).  Also, 
for  la  ge  primes  of  a  special  form,  there  are  arbitrarily 
long  sequences  of  consecutive  primitive  roots.  These 
results  are  generalizations  of  ones  previously  obtained. 

The  findings  are  somewhat  surprising  in  view  of  the 
fact  that  primitive  roots  are  defined  in  terms  of  the 
multiplication  operation,  and  arithmetic  progression 
is  defined  by  the  addition  operation. 

Research  Compulation  Center  Activities.  During  the 
calendar  year  1968,  NRL’s  Research  Computation 
Center  (RCC)  continued  to  serve  as  the  Laboratory's 
central  computing  facility,  providing  consulting, 
data  retrieval,  and  programming  services  to  all 
research  areas.  Computer  usage  continued  to  build 
steadily,  and  by  the  end  of  the  year  the  Laboratory's 
CDC  3800  computer  was  operating  almost  around  the 
clock,  five  days  per  week,  and  further  augmentation 
of  the  equipment  complex  was  being  planned. 

The  RCC  professional  staff  provided  direct  pro¬ 
gramming  and  analysis  services  on  30  different 
problems  for  13  NRL  divisions  during  the  year. 
In  addition,  the  RCC  staff  was  able  to  complete  a 
number  of  additional  activities  advantageous  to  all 
users  of  the  facility.  These  included  various  types 
of  improvements  to  the  CDC  3800  operating  system. 


a  number  of  general  programs  to  facilitate  the  plotting 
of  scientific  results,  and  several  scientific  programs 
of  general  utility. 

COSMIC  RAY  PHVSICS 

Mean  Path  Lcni;'.a  of  Coarnk  Rays.  How  much  mate¬ 
rial  do  cosmic  rays  penetrate  in  the  course  of  their 
space  travels?  The  answer  is  of  deep  interest  to 
astrophysicists,  for  it  determines  the  transformations 
suffered  by  the  primordial  high-energy  nuclei  in  their 
long  galactic  journey.  The  magnitude  of  this  path 
length  is  closely  connected  with  the  regions  and 
mechanisms  of  cosmic  ray  diffusion  and  trapping; 
it  can  be  used,  together  with  interstellar  densities, 
to  estimate  the  mean  confinement  time  of  the  nuclei. 
Moreover,  a  knowledge  of  the  path  length  is  essential 
for  deducing  the  distribution  of  cosmic  ray  elements 
at  the  source(s). 


Breakup  of  a  heavy  cosmic-ray  nucleus  into 
lighter  fragments  by  collision,  as  seen  in  a  nuclear 
research  emulsion  exposed  near  the  top  of  the 
atmosphere  (magnified  2,000  times).  Collisions 
such  as  this  one  also  occur  with  interstellar 
hydrogen.  Analysis  of  the  arriving  breakup  prod¬ 
ucts  reveals  the  mean  path  length  traversed  by 
the  primary  cosmic  rays  in  galactic  space. 
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It  has  been  realized  for  some  time  that  the  best 
source  of  information  on  path  lengths  is  the  abundance 
ratio  of  the  so-called  “light”  nuclei  to  the  heavier 
ones  arriving  at  the  top  of  the  atmosphere.  Since  the 
light  nuclei  are  the  breakup  products  of  heavier  ones 
that  have  collided  with  interstellar  atoms,  the  relative 
flux  of  light  nuclei  reflects  the  amount  of  material 
traversed.  Striking  confirmation  of  an  early  NRL 
determination  of  the  relative  flux  of  Li,  Be,  and  B 
nuclei  was  obtained  recently  at  the  University  of 
Minnesota  by  methods  of  detection  completely 
different  from  those  employed  by  NRL.  The  result: 
“light’7“medium”  =  0.25  ±  0.02.  New  laboratory 
data  on  the  probability  of  various  fragmentations  of 
cosmic  ray  nuclei  have  been  incoroorated  by  NRL 
physicists  in  revised  calculations  of  the  mean  path 
length.  The  best  value  is  now  4  grams  per  square 
centimeter.  This  value  has  also  been  confirmed  by 
NRL  and  other  institutions  through  studies  of  the 
isotopic  composition  of  cosmic  ray  helium. 

Confinement  of  Cosmic  Rays.  Our  ignorance  of  the 
regions  in  space  where  cosmic  rays  are  magnetically 
trapped  and  of  the  duration  of  this  confinement  has 
been  partly  dispelled  by  NRL’s  analysis  of  informa¬ 
tion  on  the  “light”  cosmic  ray  elements  and  calcula¬ 
tions  of  the  effects  of  their  nuclear  fragmentation. 
1  he  results  indicate,  but  do  not  yet  firmly  establish, 
the  confinement  of  these  particles  within  the  Milky 
Way  disk. 

Cosmic  ray  nuclei  take  a  long  time  diffusing  within 
the  galaxy  before  they  escape  — at  least  as  long  as 
100  thousand  years.  However,  their  "age"  could  be 
much  greater.  Present  estimates  range  from  1  to  100 
million  years.  If  we  knew  which  of  these  numbers 
is  more  nciirly  correct,  we  might  be  able  to  judge 
whether  the  cosmic  rays  are  mainly  confined  to  the 
galactic  disk  or  spend  most  of  their  time  in  the  vast 
space  of  the  galactic  "halo." 

NRL  scientists  have  estimated  the  amount,  x, 
of  material  — about  4  grams  per  square  centimeter - 
traversed  by  cosmic  rays  after  they  attain  their 
high  speeds,  which  arc  close  to  that  of  light.  If  the 
mean  density  of  matter  in  the  regions  through  which 
cosmic  rays  travel  were  also  known,  a  direct  deter¬ 
mination  of  their  mean  liiwar  path  length  (x/density. 
say.  in  light  years)  could  be  made.  This  path,  L.  is 
directly  propr)rtional  to  the  "age,"  or  confinement 
time.  T;  i.e..  I  =  cl.  where  c  is  the  cosmic  ray 
vcliK'ity. 


Depending  on  where  cosmic  ray  nuclei  spend  most 
of  their  time,  different  values  of  the  density  would 
be  relevant.  Within  the  galactic  disk,  the  density 
of  interstellar  gas  (mostly  hydrogen)  is  known  to  be 
approximately  1  atom  per  cubic  centimeter.  By 
contrast,  the  density  of  gas  in  the  tenuous  galactic 
halo  may  be  100  times  lower.  Combining  these 
numbers  with  the  mean  path  length  of  material 
traversed  (4  g/cm*),  we  obtain  the  widely  divergent 
estimates  of  “age"  given  above. 

An  independent  means  of  estimating  the  age  could 
resolve  this  dilemma,  and  a  suitable  “clock"  for 
this  purpose  is  radioactive  '®Be.  This  nuclide,  pro¬ 
duced  along  with  other  light  isotopes  by  the  collisional 
breakup  of  heavier  cosmic  ray  nuclei  in  space,  has 
a  mean  life  of  nearly  4  million  years.  The  observed 
abundance  of  '“Be  (or  of  elemental  beryllium)  must 
be  compared  with  the  calculated  rate  of  beryllium 
production  in  space  relative  to  the  rates  of  produc¬ 
tion  of  other  cosmic  ray  species.  If  very  little  of  this 
isotope  is  found  in  the  arriving  cosmic  rays,  then  the 
cosntic  rays  must  have  been  traveling  for  a  time  long 
enough  for  the  '“Be  to  die  out.  If,  on  the  other  hand, 
most  of  the  beryllium  has  survived,  this  would 
signify  that  the  cosmic  rays  had  lived  for  a  short 
time  compared  with  the  "mean  life"  of  the  beryllium 
nuclei.  Not  only  would  the  '“Be  nuclei  yield  an 
estimate  of  age.  they  could  also  reveal  the  main 
storage  region  of  cosmic  ray  nuclei  and  indicate  the 
extent  of  galactic  magnetic  fields. 

The  main  difficulty  is  in  isolating  fast  '“Be  nuclei. 
However,  this  isotopic  separation  is  not  essential. 

Using  laboratory  data  and  theoretical  estimates  of 
the  rales  of  production  of  'Be,  'Be,  '“Be,  '“B,  and  "B 
from  heavier  elements,  NRL  physicists  have  cal¬ 
culated  the  elemental  Be/B  abundance  ratio  for  the 
two  cases:  '“Be  surviving  and  '“Be  decaying  into 
'“B. 

A  critical  review  of  published  data  on  the  relative 
fluxes  of  I  i.  Be,  and  B  was  carried  out  for  comparison 
with  the  foregoing  calculations.  The  analysis  supports 
a  "short"  age,  T<  10  million  years,  with  confinement 
in  the  galactic  disk.  However,  the  data  do  not  yet 
permit  us  to  exclude  entirely  the  possibility  of  a 
longer  confinement  time.  The  probability  of  the 
latter  is  still  aN)ul  10  percent.  In  order  to  pin  down 
the  age  more  firmly,  the  NRL  group  is  striving  for  a 
significant  improvement  in  our  knowledge  of  the 
individual  abundances  of  cosmic  ray  lithiun'..  berylli¬ 
um,  and  boron  95 
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New  Telescope  for  Detecting  Cosmic  Gamma  Rays. 
One  of  the  principal  efforts  of  the  Laboratory’s 
cosmic  ray  physics  program  is  in  the  pioneering 
field  of  gamma-ray  astronomy.  In  furtherance  of  this 
effort,  work  was  completed  in  1968  on  the  design, 
development,  and  testing  of  prototype  components 
of  a  large  balloon-borne  telescope  for  detecting 
cosmic  gamma  radiation  in  the  energy  interval  of 
20-120  million  electron  volts  (Mev).  Flight  model 
components  are  being  assembled  in  preparation  for  a 
test  flight  in  1969. 

The  telescope  will  seek  to  detect  and  measure  both 
the  diffuse,  general  background  gamma  radiation  from 
outer  ..pace  and  the  gamma  radiation  from  suspected 
point  sources  (e.g..  Crab  Nebula).  It  will  be  oriented 
with  a  pointing  acmracy  of  1-3  degrees.  Thus  far, 
the  only  definitive  observations  of  gamma  rays  at 


high  energies  are  those  reported  by  Clark,  Kraushaar, 
and  Garmire  on  the  basis  of  a  satellite  experiment 
conducted  by  MIT.  These  observations  revealed  a 
diffuse  flux  of  gamma  rays  above  100  Mev  originating 
within  the  galactic  disk  and  peaking  in  the  direction 
of  the  galactic  center.  The  search  for  point  sources 
has  thus  far  been  unsuccessful.  Probably  owing  to 
limited  sensitivity  and  inadequate  discrimination, 
only  the  upper  bounds  of  the  fluxes  have  been  de¬ 
lineated.  The  obierv,.*inn  of  discrete  cosmic  gamma- 
ray  sources  would,  in  effect,  open  a  new  window  for 
astronomical  studies.  It  promises  to  be  of  paramount 
importance  in  cosmic  ray  physics,  astrophysics, 
and  cosmology. 

An  exploded  view  of  the  NRL  telescope  is  shown 
in  the  accompanying  drawing.  The  instrument  con¬ 
sists  of  a  unique  array  of  detectors  (plastic  scintil¬ 
lators,  nuclear  emulsions,  a  novel  type  of  wide-gap 
spark  chamber,  and  a  Cerenkov  detector),  and  it  is 
designed  to  provide  good  angular  and  energy  resolu¬ 
tion  for  gamma  rays  of  20-120  Mev. 

The  domain  of  cosmic  gamma-ray  energies  con¬ 
sidered  here  has  not  yet  been  explored.  Apart  from 
the  advantage  such  exploration  presents  of  possibly 
detecting  a  higher  flux,  the  spectral  information  ob¬ 
tained  at  these  energies  may  allow  discrimination 
between  various  mechanisms  of  gamma-ray  pro¬ 
duction.  The  mi^r  obstacle  hitherto  has  been  that 
the  low-energy  electrons,  which  typically  occur  in 
pairs  and  reveal  the  incidence  of  the  gamma  rays, 
are  easily  scattered.  The  telescope  was  designed  to 
minimize  this  multiple  coulomb  scattering  and  its 
degrading  effect  upon  spatial  resolution.  The  spatial 
resolution  should  be  an  order  of  magnitude  higher 
than  in  the  MIT  experiment.  Flux  sensitivity  for 
observations  of  point  sources  is  expected  to  be 
“  lO  ’/cm*  sec. 


Exploded  view  of  NRL's  wide-gap  spark  chamber,  emulsion, 
and  counter  array. 

1.  Anticoincidence  scintillation  cup. 

2.  l.ight  pipe  or  pipes. 

3.  Hhotoinultipliei  assembly  clamped  to  light  pipe. 

4.  Emulsion  stack. 

5.  Proportional  counter. 

6.  Mylar  window. 

7.  Wide-gap  spark  chamber  with  side  walls  and  lop  plate 
■nade  of  scintillator. 

8.  Wirt  mesh  electrodes. 

9  Coincidence  scintillation  counters. 

10.  Cerenkov  ciHinler  an'l  absorber. 
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An  Overview;  by  Ralph  R.  Goodman,  Asiiociate  Director  of  Research  for  Oceanology 


Programs  carried  out  at  the  Naval  Research  Lab¬ 
oratory  in  the  fields  of  oceanology,  ocean  engineering, 
and  aciuistics  were  brought  together  in  1967  to 
comprise,  under  the  title  "Oceanology,”  one  of  the 
Laboratory's  current  four  major  areas  of  research. 
This  unification  was  effected  to  improve  the  efficiency 
of  NRL  studies  of  the  environment  in  which  most 
of  the  Navy's  operations  are  conducted. 

During  1968,  the  Acoustics  Division  assumed  the 
leading  responsibility  among  Navy  laboratories  for 
the  Antisubmarine  Warfare  Underwater  Surveillance 
Program.  The  research  related  to  this  program  is, 
in  part,  a  continuation  of  that  begun  at  Columbia 
University's  Hudson  Laboratories,  whose  activities 
are  scheduled  to  be  discontinued  on  June  30,  1969. 
This  added  responsiblity  has  led  to  a  considerable 
expansion  of  the  division  in  both  personnel  and 
facilities  and  to  an  enlargement  of  NRL's  role  in 
the  study  of  long-range  acoustic  propagation  in  the 
oceans.  During  1968,  the  Division  participated  in 
experiments  in  both  the  Atlantic  and  Pacific  Oceans. 

The  Ocean  Technology  Division  continued  to 
work  in  the  areas  of  ocean  engineering  and  technology 
as  well  as  in  other  fields  which  make  use  of  the  same 
techniques  and  approaches.  The  search  for  better 
materials  and  for  methods  for  measuring  their 
performance  has  been  undertaken;  the  materials 
range  from  those  used  in  the  fabrication  of  body 
armor  to  those  required  for  the  construction  of 
deep-ocean  vehicles.  Research  was  ul.so  begun  on 


the  hydrodynamic  response  of  large  cabled  structures 
in  the  deep  .sea:  the  need  for  this  research  is  impera¬ 
tive  because  of  the  great  potential  of  such  structures 
for  many  naval  applications. 

Research  on  the  sea-surface  effects  of  transiting 
submarines  is  a  major  project  in  oceanology  at  NRL. 
Jointly,  through  the  efforts  of  the  Laboratory's 
Nonacoustic  ASW  (R&D)  Task  Group  and  Ocean 
Sciences  Division,  a  program  directed  toward  the 
understanding  of  ocean  phenomena  related  to 
surface  effects  is  in  progress.  Other  principal  areas 
of  research  are  Diological  and  chemical  oceanography 
and  atmospheric  physics.  The  Ocean  Sciences  Divi¬ 
sion  has  an  important  role  in  the  Maury  Center  for 
Ocean  Science,  which  is  located  at  NRL;  the  Center 
coordinates  research  in  the  Navy's  ocean-science 
programs. 

During  1968,  the  Labora:ory  acquired  the  services 
of  the  oceanographic  ship  USNS  Gibbs  to  supplement 
its  capability  for  marine  research,  which  previously 
had  been  limited  to  the  USNS  Mizar.  To  accommo¬ 
date  the  wide  variety  of  needs  for  use  of  these  ships, 
the  Ship  Facilities  Group  was  established  to  schedule 
and  coordinate  scientific  programs  in  oceanology. 

For  decades.  NRL's  programs  in  oceanology  have 
played  an  important  role  in  the  Navy's  effectiveness 
at  sea.  In  the  decades  ahead,  the  research  discussed 
briefly  in  this  overview  and  in  the  reports  that  follow 
will  he  reflected  in  significantly  improved  operations 
of  the  Fleet. 


ACOUSTICS 

Assured  Range  Studies.  One  problem  of  great  im¬ 
portance  to  the  Navy  is  the  acoustic  illumination  of 
the  region  below  the  surface-bounded  duct,  called 
the  shadow  zone.  A  hostile  submarine  wisning  to 
avoid  detection  can  seek  the  relative  security  of  this 
zone.  Neither  the  bottom-bounce  nor  the  towed, 
variable-depth  sonar  mode  of  operation  has  been 
satisfactory  in  dealing  with  this  situation  Methods 
and  techniques  to  extend  the  detection  range  into  tl.e 
shadow  zone  must  be  developed  to  give  assured 
ranges  of  at  least  twice  those  now  achieved. 

Since  neither  normal  mt>de  theory  nor  classical 
ray  theory  properly  describes  acoustics  in  the  shadow 
zone,  a  three-part  mathematical  model  has  been 
developed  at  NRI  .  The  first  part,  A.  is  the  propaga¬ 
tion  loss  in  the  duel.  This  value  can  be  calculated 
from  any  oi  \cvcral  ih'-oric-*.  The  second  part,  H,,  is 


the  forward  scatter  loss  from  an  appropriate  surface 
scattering  area.  This  loss  is  calculated  from  a  Bech- 
mann-Spizzichino  scattering  model.  The  last  part  of 
the  loss.  C.  from  the  scattering  area  to  the  target 
below  the  duct  is  computed  from  ray  theory.  This 
composite  mode!  has  been  programmed  on  the  NRL 
CDC-3800  computer. 

Two  recent  cruises  yielded  considerable  field  data, 
some  of  which  have  been  analyzed  and  compared 
with  calculated  values.  The  average  propagation  loss 
was  measured  with  a  5-ihousand-cycle-pcr-sec  md 
source  and  an  echo  repeater  as  a  function  of  echo- 
repeater  depth  and  the  data  compared  to  calculated 
losses  using  the  prediction  model.  The  scatter  theory 
is  found  to  fit  the  data  much  more  closely  in  the 
shadow  zone  than  d'les  the  normal  mode  theory.  The 
high  v;»riability  of  levels  within  the  duct  found  in  97 
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Three*parl  model  of  propagation  losses.  A,  duct  loss; 
B/.  forward  scalier  loss;  and  ray  path  loss. 
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Plan  view  of  significant  scattering  areas  at  the  K'ean  surface 
as  seen  from  various  receiver  depths.  The  solid  area  is  that 
which  contributes  the  largest  amount  of  energy  to  the 
receiver,  and  the  shaded  area  is  that  over  which  the  con¬ 
tribution  is  reduced  by  ’  decibels  Ihe  sign.il  frequency 
is  5  thousand  cycles  per  second. 


the  field  data  are  thought  t(>  l>e  caused  by  the  inter¬ 
ference  between  the  several  mtxles  being  propttgated 
within  the  duel,  whereas  the  relative  stability  below 
the  duct  is  attributed  to  the  averaging  of  a  large 
number  of  acoustic  paths  from  the  surface  scattering 
area  to  the  receiver. 

One  benciit  of  the  mathematical  mttdel  is  to  help 
define  the  principid  scattcririg  area.  Ihe  sizes  and 
shapes  of  the  lot.il  areas  are  similar  with  Ihe  sound 
source  at  one  position.  S,  and  llie  receiver  at  amtiher. 
This  area  is  defined  as  the  space  m  which  Ihe  scat¬ 
tering  strength  is  bt)  decibels  or  more  I  rom  the 
figures,  sevcial  things  are  .ipparenl  Ihe  principal 


area  in  which  the  propagation  and  scattering  losses 
are  the  least  is  confined  to  a  relatively  narrow  region 
in  the  vicinity  of  the  receiver.  As  the  target  goes 
deeper,  the  area  lengthens,  broadens,  and  moves 
away  from  the  target. 

This  information  can  be  of  great  practical  im¬ 
portance  in  the  design  of  a  sonar  system  for  shadow- 
zone  detection.  Since  the  principal  area  of  contribu¬ 
tion  to  the  sound  level  at  the  receiver  is  a  rather 
narrow  region  far  removed  from  the  source,  the 
transmitter-receiver  beam  pattern  can  be  narrowed 
to  maximize  the  energy  on  the  target  and  reduce 
reverberation. 


Statistics  of  Scattered  Acoustic  Pulses.  In  the  search 
for  a  quantitative  description  of  the  scattering  of  un¬ 
derwater  sound  waves  from  a  rough  ocean  bottom,  an 
experiment  was  conducted  to  determine  the  amplitude 
statistics  of  the  scattered  signal.  Echoes  scattered  in 
the  monostatic  direction  were  analyzed  to  obtain 
their  distribution  of  amplitudes.  The  directional 
source  within  an  8-degree  beamwidth  transmitted 
! 9.5-thousand-cycles-per-second  constant-amplitude 
pulses  of  approximately  1 -second  duration  at  various 
inclinations  of  the  beam  axis  with  the  ocean  bottom. 
Ttie  scattered  echoes  were  then  received  at  the  source, 
where  the  envelope  was  sampled  digitally  and  re¬ 
corded  on  magnetic  tape.  The  data  tapes  were  then 
inserted  into  a  high-speed  digital  computer  and  the 
amplitude  distributions  obtained  for  each  inclination 
o*'  the  source. 

Photographs  show  that  in  areas  where  the  ocean 
bottom  is  geographically  flat,  randomly  oriented 
sand  ripples  occur  which  are  estimated  to  have  an 
elevation  roughness  of  the  order  of  one  acoustic 
wavelength.  For  random  surfaces,  roughnesses  of 
this  order  should  result  in  scattered  echoes  with 
their  amplitudes  apportioned  as  the  Rayleigh  dis¬ 
tribution. 

The  resultant  amplitude  structure,  however, 
resembles  Rayleigh  distributions  only  in  cases  of 
incident  angles  of  4S  degrees  and  below,  i.e.,  small 
grazing  angles.  As  the  angle  tif  incidence  increases, 
the  distributions  show  a  transition  from  near  Rayleigh 
to  a  multipcak  structure  at  the  high  angles.  Peaks  in 
a  distribution  generally  imply  the  presence  of  one  or 
more  coherent  components.  It  wa.s  expected  that 
there  would  be  a  coherent  component  present  in  the 
scattered  pulse  for  the  specular  direction  or  that 
there  would  he  more  than  one  component  in  the  case 
of  acoustic  highlights.  If  one  assumes  the  presence 
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Four  examples  of  the  types  of 
amplitude  distributions  observed 
when  acoustic  pulses  are  scattered 
monostatically  from  the  ocean  bot¬ 
tom.  The  ordinate  is  the  produ . ' 
of  the  sample  standard  deviation 
and  the  probability  density,  and  the 
abscissa  is  the  amplitude  mea¬ 
sured  in  units  of  the  standard  devi¬ 
ation.  'i  he  smooth  curve  is  the 
Rayleigh  density  calculated  on 
the  basis  of  the  sample  standard 
deviation.  For  low  depression 
angles  (angles  of  incidence),  the 
distribution  resembles  Rayleigh, 
but  as  the  angle  is  increased,  the 
distribution  deviates  markedly 
from  Rayleigh. 
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of  coherent  components,  there  is  no  acceptable 
physical  theory  for  combining  coherent  and  in¬ 
coherent  components  to  account  for  the  observed 
distributions. 

Scale  Model  Acoustic  Studies.  The  Laboratory's  need 
for  a  fairly  large  and  well-instrumented  acoustic  re¬ 
search  tool  has  been  fulfilled  with  the  construction 
of  a  116.000-gallon  water  tank  that  is  30  feet  in 
diameter  and  22  feet  in  depth.  The  tank,  which  is 
made  of  cypress  wood,  has  been  installed  in  a  19- 
root-deep  pit  and  enclosed  in  a  cinder-block  house 
which  contributes  to  the  maintenance  of  the  controlled 
environment  necessary  for  accurate  measurements. 
Associated  electronic  equipment  provides  an  ac¬ 
curate,  highly  flexible,  and  manually  convenient  mea¬ 
suring  system.  Temperature  and  humidity  are  con¬ 
trolled,  and  a  water  hitcring  system  is  provided.  Two 
carriages  are  suppttrtcd  by  rails  erected  across  the 
tank.  One  carriage  supports  and  rotates  transducer 


View  of  the  top  of  the  .Kouslie  rcsciueh  lank,  showing  the 
two  CiU'n.  ,.es  on  r;uls  I  he  carriage  at  left  suppsirts  and 
rotates  Iransdiicei  arrays,  and  the  one  at  nghi  positions 
hydrophones  variably  in  s.  v.  and  /  planes 


arrays,  and  the  other  supports  the  programmable, 
triaxial  hydrophone  positioning  and  scanning  system. 
The  tank  is  the  first  of  its  kind  to  have  the  capability 
of  positioning  a  test  device  variably  in  the  x,  y,  and 
z  planes.  This  feature  was  designed  to  NRL  specifica¬ 
tions. 

Other  equipment  designed  for  the  tank  facility  in¬ 
cludes  a  multiaxial  rotator  for  obtaining  complex 
underwater  acoustic  beam  patterns,  which  are  then 
processed  by  a  directivity  index  computer,  and  an 
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adaptation  of  a  radar  radiation  distribution  printer 
for  underwater  measurements.  This  printer  processes 
signals  transmitted  by  an  automatically  scanning 
underwater  hydrophone.  It  automatically  types  an 
acoustic  pressure  pattern  in  numerical  decibel  values 
that  represent  pressure  variatijns  in  a  selected  area 
in  the  near  or  far  field  of  a  model  >  ansc'ucer  array. 

In  support  of  the  research  prograi..  scheduled  for 
the  tank  facility,  two  model  arrays,  each  consisting 
of  100  transducers,  have  been  designed  and  fabricated. 
One  array  has  been  used  to  prove  that  directional 
acoustic  b'ams  can  be  obtained  from  biplanar  ar¬ 
rangements  of  free-flooded  ring  transducers.  The 
other  array,  in  which  the  transducers  vibrate  in  a 
piston-like  longitudinal  manner,  is  being  used  to 
study  the  suppression  of  undesirable  acoustical 
interaction  among  transducers  in  low-frequency 
arrays. 

This  system  is  unique  in  that  it  provides  control 
of  the  phase  and  amplitude  of  the  displacement 
between  two  dissimilar  transducers  subjected  to 
different  acoustic  loads;  this  is  needed  for  a  number  of 
problems  now  being  studied.  It  is  unique  also  in  having 
a  rapid-response  electronic  feedback  control  system, 
which  is  now  being  used  to  study  and  control  phase 
and  amplitude. 

UNDERWATER  SOUND  REFERENCE 

Sonar  Calibratioa  at  Simulated  Great  Depths  and  Low 
Temperatures.  N  RL  has  placed  into  operation  a  new 
facility  in  which,  for  the  first  lime  anywhere,  under¬ 
water  sound  transducers  up  to  }  feet  long  and  ?  inches 
100  in  diameter  can  be  calibrated  in  the  frequency  range 


Control  of  the  amplitude  and  phase  of  the  displacements  of 
two  dissimilar  transducers  monitored  by  accelerometers 
and  an  electronic  feedback  system. 


of  10  cycles  per  second  to  4  thousand  cycles  per 
second  (kHz)  at  static  pressures  as  high  as  10,000 
pounds  per  square  inch  (equivalent  to  an  ocean  depth 
of  22,500  feet)  and  at  temperatures  in  the  range  of 
-2°C  to  -(-40"C. 

Hydrophones  now  can  be  calibrated  over  the  full 
range  of  temperatures  usually  cited  in  specifications 
of  operating  conditions.  Previously,  the  lowest 
practical  limit  was  -l-2°C.  The  — 2°C  temperature, 
the  freezing  point  of  sea  water,  may  be  encountered 
in  the  arciic  or  at  shallow  depths  in  midwinter.  The 
temperatures  at  great  depths  range  from  -f2°C  to 
•f4“C.  The  lower  temperature  limit  is  attained  in  an 
ethylene  glycol  solution.  Its  use  has  tne  advantage 
of  permitting  greater  temperature  differentials  in 
the  cooling  equipment,  which  significantly  decreases 
the  operating  time  and  costs  for  a  series  of  calibra¬ 
tions  over  wide  ranges  of  pressure  and  temperature. 

To  attain  the  frequency  range,  the  theory  and  tech¬ 
niques  associated  with  active  impedance  termination, 
developed  at  NRL,  were  applied  to  create  afree-field 
acoustic  environment  in  the  presence  of  highly  re¬ 
flective  boundaries  within  a  steel  tube  9  feet  in  length 
and  8  inches  in  inside  diameter.  Both  absolute  and 
comparison  calibrations  can  be  made.  This  facility 
extends  the  upper  frequ  ncy  limit  of  the  technique 
from  1.5  kHz  to  the  present  4  kHz. 

During  the  first  yea'-  of  opeiabon  (1968),  47 
hydrophones  were  calibrated  at  various  combination  , 
of  pressure  and  temperature  for  a  total  of  289  calibra- 
tions,  of  which  1 1 5  were  at  pressures  exceeding  1 ,000 
pounds  per  square  inch,  the  former  limit  of  pressure. 


Cavitation  Threshold.  Acoustical  cavitation  ^KCurring 
within  a  sonar  dome  or  other  transducer  housing 
produces  reverberations  and  cancellations  that  limit 
the  usable  output  of  the  entire  device.  In  laboratory 
studies,  such  cavitation  is  induced  to  determine  the 
cffecti'  eness  of  new  methods.  The  only  apparent 
way  to  overcome  cavitation  induced  by  the  high 
vibrational  rate  of  the  sound  transducer  is  to  increase 
the  threshold  at  which  it  occurs.  Although  various 
melhvxls  are  available,  progress  in  applying  them  to 
operational  sonar  has  been  nearly  negligible  over 
the  past  two  decades.  The  most  common  melhiKl  of 
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retarding  the  onset  of  cavitation  is  to  increase  the 
pressure  on  the  liquid  surrounding  the  transducer. 

In  examining  various  means  of  water  treatment  to 
increase  the  cohesiveness  or  tensile  strength  of 
water,  NRL  has  experimented  with  “Polyox” 
(ethylene  oxide),  the  “giant”  molecule  that  gained 
notoriety  when  a  mixture  of  it  and  water  siphoned 
itself  from  a  beaker  in  an  unconfined  stream. 

The  cavitation  threshold  level  as  a  function  of 
Polyo.,  concentration  in  water  was  measured  in  an 
end-lighted  glass  tank  14  centimeters  square  and  90 
cm  long.  A  I -inch-diameter  PZT-4  projector,  resonant 
at  I  million  cycles  per  second  and  having  the  ground 
electrode  exposed  to  the  water,  was  mounted  at  one 
end  of  the  tank.  The  results  showed  that,  at  a  con¬ 
centration  of  about  80  parts  per  million  by  weight, 
the  driving  current  of  the  transducer  could  be  in¬ 
creased  by  3  decibels  before  cavitation  set  in.  Higher 
concentrations  are  impractical  because  the  liquid 
becomes  syrupy  at  100  ppm  by  weight. 

Additional  measurements  are  planned  at  lower 
frequencies  to  determine  whether  shipboard  experi¬ 
ments  are  justified. 

High-Power  Underwater  Sound  Source.  Many  under¬ 
water  transducer  calibrations  made  during  the  past 
few  years  have  called  for  acoustic  sources  capable 
of  producing  sound  pressure  levels  of  70  to  80 
decibels  referenced  to  1  microbai  and  frequencies 
as  low  as  20  cycles  per  second  (Hz).  At  times,  the 
source  is  required  to  operate  over  the  frequency 
range  from  20  Hz  to  10  thous.and  cycles  per  second 
(kHz).  Special  designs  in  which  crystals  drive  flexure 
plates  or  bars  generally  have  been  used  for  this 
purpose,  but  they  are  very  inconvenient  and  not 
completely  satisfactory  because  each  operates  over 
a  narrow  frequency  range  and  weighs  several  hundred 
or  even  thousand  pounds.  Frequently,  therefore, 
several  awkward  transducers  had  to  be  used  to  satisfy 
the  calibration  requiremen  j. 

A  new  moving  coi,  transducer,  designed  by  NRl.’s 
Underwater  Sound  Reference  Division  (USRD  type 
J1.1),  weighs  less  than  120  pounds  and  provides  high 
source  levels  over  the  frequency  range  of  20  Hz  to 
10  kHz.  The  uiaphragm  can  be  driven  to  a  O.-S-inch 
peak-to-peak  displacement.  The  output  ‘s  displace¬ 
ment-limited  below  80  Hz  and  current  limited  above 
that  frequency.  I  he  response  is  linear,  with  a  driving 
current  to  25  amperes  (rms),  and  produces  an  .iveragc 
sound  pressure  level  of  75  decibels  throughout  the 
ficqcency  range  of  70  Hz  to  5  kHz.  To  limit  the 


temperature  rise,  the  transducer  is  operated  at  a 
12-percent  duty  cycle. 

The  driving  element  can  be  used  singly,  or  two  or 
more  elements  can  be  operated  together  to  produce 
a  higher  output.  A  single  element  weighs  60  pounds 
without  the  pressure-com^nsating  housing.  Some 
economy  in  weight  for  higher  power  requirements 
can  be  achieved  by  using  one  compensating  mech¬ 
anism  for  several  elements. 

Reliable  Deep-Submergence  Hydrophone.  A  new 
hydrophone  for  acoustic  measurements  and  ocean 
surveillance  at  depths  as  great  as  33,750  feet  has  been 
developed  at  NRL.  Reliability  at  this  depth  has  been 
achieved  by  employing  the  newest  high-strength 
corrosion-resistant  alloys  and  low-permeability  elas¬ 
tomers.  The  new  low-noise  transistorized  preamplifier 
used  is  substantially  quieter  than  earlier  designs. 

An  important  feature  of  this  hydrophone,  designated 
USRD  type  H54,  is  a  choice  of  sensitive  element 
configurations  and  material  types  to  allow  the  selec¬ 
tion  of  frequency  range,  directivity  characteristics, 
and  sensitivity  to  satisfy  a  wide  range  of  requirements. 
Elements  of  lead  zirconate  titanate,  lead  metaniobate, 
and  lithium  sulfate  have  been  calibrated  in  the  same 
basic  hydrophone  housing  and  acoustic  boot;  they 
offer  sensitivities  from  -80  tc  -  100  decibels  refer¬ 
enced  to  I  volt  per  microbar  and  frequencies  as  low 
as  I  cycle  per  second  and  as  high  as  150  thousand 
cycles  per  second.  Each  active  material  used  for  the 
sensitive  element  has  been  pressure  cycled  and 
calibrated  to  15.000-pounds-per-square-inch  static 
pressure,  and  the  cable  gland  has  withstood  15,000 
psi  without  failure  or  degradation. 

OCEAN  SCIENCES 

Marking  the  Ocean  Surface  with  Artificial  Sea  Slicks. 

The  success  of  air  rescue  operations  at  sea  often 
depends  upon  the  use  of  sea  markers.  Obviously, 
substances  providing  the  greatest  obtainable  areal 
ranges  and  durations  of  visibility  arc  sought.  As  the 
side  benefit  of  an  investigation  of  natural  and  artifi¬ 
cial  ocean-surface  films,  NRL  discovered  that  certain 
organic  substances  produce  intense  light  reflections 
and  thus  may  prove  highly  valuaf>le  as  components 
of  sea  markers. 

The  high  visibility  of  these  substances  is  due  to 
their  monomolecular  structure,  which  has  capillary 
wave-damping  and  wave-resistant  characteristics. 
Compounds  with  optimum  propeilies  were  found  to  101 
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spread  spontaneously  and  rapidly  into  very  thin  layers, 
one  molecule  thick,  that  resist  the  dispersive  forces 
imposed  by  a  dynamic,  wind-driven  sea.  These  water- 
insoluble,  nonvolatile  organic  materials  thus  provide 
durable,  visible  artificial  sea  slicks. 

A  comparative  field  evaluation  of  these  slick 
markers  with  the  standard  Navy  dye  marker  showed 
that  the  visibility  of  the  artificial  surface  films  was 
best  at  certain  viewing  angles.  The  slick  was  visible 
at  greater  distances,  since  it  affected  a  much  greater 
area  than  the  same  weight  of  dye.  Other  viewing 
angles  were  better  for  the  dye  marker.  Consequently, 
a  combination  of  the  two  techniques  proved  to  be 
the  solution.  The  combination  of  dye  and  surface 
film-forming  materials  yields  two  substantially  differ¬ 
ent  marks,  one  or  the  other  of  which  is  visible  from 
all  viewing  angles. 

Dispensing  methods  have  been  developed  to  release 
an  artificial  slick  slowly  from  a  container  tethered 
to  a  floating  object,  and  tests  have  been  carried  out 
that  show  tiiat  small  quantities  of  the  monomolecular 
Aim-forming  materials  affect  large  areas  of  the  sea 
surface;  for  example,  100  grams  of  pure  compound 
will  cover  60,000  square  meters,  or  14.6  acres,  when 
completely  spread. 


Carbon  Monoxide  and  Methane  at  the  Air-Sea  Inter¬ 
face.  NRL  scientists  have  been  investigating  the 
distribution  of  carbon  monoxide  (CO)  and  methane 
(CO4)  between  the  atmosphere  and  the  ocean  surface. 
The  information  obtained  should  prove  useful  in 
elucidating  gaseous  exchange  mechanisms  across 
the  air-sea  interface  and  in  defining  the  role  of  the 
ocean  as  a  sink  for  man-made  pollutants  in  the 
atmosphere. 

Results  obtained  during  a  cruise  in  June  1968 
near  Puerto  Rico  indicate  that  in  that  area  atmospheric 
methane  is  in  equilibrium  with  the  surface  waters  in 
the  open  sea.  More  intriguing  are  results  which  show 
that  the  carbon  monoxide  concentration  in  ocean- 
surface  waters  is  much  greater  than  the  equilibrium 
value  calculated  from  the  gas's  atmospheric  partial 
pressure  and  solubility  coefficient.  The  ratio  of 
measured  to  calculated  carbon  monoxide  concentra¬ 
tions  reached  values  as  high  as  90.  This  large  dis¬ 
equilibrium  indicates  that  the  net  transport  of  carbon 
monoxide  i'  from  the  ocean  into  the  atmosphere. 
These  high  carbon  monoxide  values  in  surface  water 
at  Si...  arc  thought  to  be  related  to  biological  pro¬ 
cesses.  and  laboratory  studies  Me  being  conducted 
102  I  '  determine  the  validity  of  this  theory. 


Studies  conducted  at  the  Chesapeake  Light  Station 
off  Norfolk,  Virginia,  show  that  carbon  monoxide 
at  the  sea  surface  undergoes  diurnal  variations,  with 
maxima  occurring  during  the  daylight  hours.  Con¬ 
centrations  were  found  to  increase  by  a  factor  of  two 
between  4  a.m.  and  2  p.m.,  providing  evidence  that 
biological  processes  are  involved. 

Atmospheric  Space  Charge  Over  Water.  One  of  Che 
electrical  properties  of  the  atmosphere  over  the 
oceans  which  is  very  different  from  its  counterpart 
over  the  land  is  atmospheric  space  charge  density. 
Exploratory  research  is  being  conducted  by  NRL 
to  gain  understar'ding  of  this  electrical  phenomenon 
of  the  air-sea  interface. 

Over  water,  there  are  at  least  two  mechanisms 
which  create  atmospheric  space  charge.  One  is  the 
separation  of  negative  and  positive  ions  near  the 
surface  by  the  geoelectric  field,  and  the  other  is 
the  injection  into  the  atmosphere  of  charges  carried 
on  jet  drops  produced  by  the  bursting  of  minute  air 
bubbles.  The  bubbles  are  formed  from  air  entrained 
in  the  water  during  periods  of  whitecap  activity  or 
breaking  surf.  The  first  mechanism  is  believed  to  be 
the  most  important  during  periods  of  low  wind  and 
quiet  seas,  and  the  second  is  most  important  during 
periods  of  rough  seas  accompanied  by  a  well-mixed 
atmosphere.  The  failure  to  differentiate  between 
these  two  mechanisms  has  led  10  confusion  regarding 
the  source  of  the  space  charge  measured  over  water. 

Measurements  of  space  charge  along  coasts  have 
shown  that  the  surf  zone  is  a  prolific  source  of  positive 
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space  charge.  Recent  observations  by  an  NRL 
scientist  aboard  USNS  Ellcinin  indicate  that  a 
positive  space  charge  exists  over  the  open  ocean 
during  periods  of  whitecap  activity.  Since  a  positive 
charge  is  also  produced  in  the  separation  mechanism 
of  the  geoelectric  held,  it  is  difficult  to  determine 
whether  the  bubbling  or  the  separation  process 
predominates  over  salt  water.  In  the  laboratory, 
fresh  water  has  been  shown  to  produce  a  negative 
charge  during  bubbling  and  splashing.  To  differentiate 
between  the  two  mechanisms,  an  experiment  over 
Lake  Superior  was  carried  out  by  NRL  scientists  in 
the  summer  of  1 968.  Lake  Superior  was  chosen  not 
only  because  it  is  a  body  of  fresh  water  but  also 
because  its  low  temperature  adds  stability  to  the 
adjacent  atmosphere,  thus  enhancing  the  ionic  separa¬ 
tion  process  during  quiet  times.  The  spectrum  of 
meteorological  conditions  encount.red  during  this 
experiment  was  broad  enough  to  show  that  during 
periods  of  stability  and  no  splashing,  a  positive 
charge  was  produced,  whereas  when  waves  were 
breaking  a  negative  charge  was  produced.  These 
results  agree  well  with  the  theoretical  treatment 
proposed  by  NRL  scientists  for  the  two  extreme 
cases. 

The  carriers  of  electrical  charge  produced  by 
the  splashing  of  fresh  water  were  also  investigated 
and  found  to  have  mobilities  almost  as  great  as  the 
small  atmospheric  ions.  Continued  research  of  the 
atmospheric  electric  variables  by  the  Navy  will 
aid  in  understanding  the  miuine  atmosphere  and  its 
interaction  with  the  sea. 


Cloud  Nuclei.  During  the  fonnation  of  a  cloud,  each 
cloud  droplet  must  have  a  small  particle  which  can 
serve  as  a  center  (called  "cloud  nuclei")  on  which 
water  vapor  can  condense.  Only  a  smidi  fraction  of 
the  total  particles  in  the  atmosphere  have  the  nec- 
essiu")'  characteristics  that  make  it  possible  for  them 
to  serve  as  cloud  nuclei.  A  knowledge  of  the  source 
and  composition  of  these  favored  particles  is  impor¬ 
tant  in  understanding  the  formation  and  ptccipitation 
processes  in  natural  clouds  as  well  as  in  inducing 
man-made  moditications  to  cloud  processes. 

Scientists  at  NRL  have  made  long-distance  (ap¬ 
proximately  lOO.tKX)  mile)  (lights  in  a  Navy  Super 
t'onstcllalion  to  stunple  cloud-nuclei  distributions 
in  different  parts  of  the  world.  Special  instnimentation. 
manualiy  operated  during  flight,  was  used  to  measure 
the  concentration  of  cloud  nuclei  in  an  .lir  sample 
as  a  function  of  the  supersaturation  to  which  the 


air  sample  is  subjected.  The  range  of  supersaturations 
over  which  measurements  were  made  covers  the 
values  which  exist  during  cloud  formation. 

The  results  confirm  the  conclusion  that  air  masses 
which  have  passed  over  continents  are  systematically 
richer  (by  a  factor  of  10  to  100)  in  cloud  nuclei  than 
are  air  masses  which  have  been  over  the  open  ocean 
for  several  days.  A  comparison  of  the  more  industri¬ 
alized  North  American  continent  with  the  less 
industrialized  continents  of  Africa  and  Australia 
shows  all  three  continents  to  be  similar  in  their 
effects  on  the  number  of  cloud  nuclei,  an  indication 
that  industrial  and  other  man-made  pollutants  are 
not  primary  sources  of  cloud  nuclei.  The  results 
indicate  that  the  lifetime  of  a  given  cloud  nucleus, 
at  least  over  the  ocean,  is  about  three  days.  A  wide¬ 
spread  and  relatively  unifomn  source  of  cloud  nuclei 
both  over  the  ocean  and  over  the  land  is  indicated. 
Over  the  land,  a  large  part  of  the  cloud  nuclei  are 
known  to  be  of  surface  origin  because  of  an  observed 
decrease  in  concentration  with  height,  whereas  over 
the  ocean,  the  distribution  is  such  that  it  leaves  the 
question  open  as  to  whether  marine  nuclei  originate 
at  the  sea  surface  or  within  the  atmosphere. 

Stratospheric  Water-Vapor  Distribution.  Water  va¬ 
por.  a  principal  absorber  and  reradiator  of  infrared 
radiation  in  the  atmosphere,  plays  in  important  role 
at  very  high  altitudes,  both  in  the  energetics  of  the 
atmosphere  and  in  the  formulation  of  mathematical 
models  for  the  numerical  prediction  of  weather.  It 
is  also  a  factor  in  the  chemistry  of  the  upper  atmo¬ 
sphere  and  may  constitute  a  control  for  the  concentra¬ 
tion  of  ozone,  thus  exerting  a  further  influence  on 
atmospheric  energetics. 

While  water-vapor  measurements  are  easily  ob¬ 
tainable  in  the  lowest  levels  of  the  atmosphere,  they 
can  be  made  only  with  great  difficulty  at  higher  levels. 
Consequently,  routine  meteorological  measurements 
have  been  limited  to  the  lower  half  of  the  tropxisphere. 
Only  in  recent  years,  through  special  scientific  pro¬ 
grams,  have  elfo^t^  been  made  to  determine  the  water- 
vapor  distribution  and  its  variability  <n  the  upper 
atmosphere. 

l-mly  observation  of  the  vertical  distribution  of 
water  vapv>r  in  the  stratosphere  ponluced  only  con¬ 
troversy  because  the  findings  from  various  programs 
did  not  iigree  with  each  other.  One  possible  source 
of  the  disparity,  as  determined  by  NRL  experiments 
in  1961,  was  that  water  v.ipxir  from  the  balliHin-borne 
instrumentation  contaminated  the  air  being  sampled. 
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This  obstacle  has  been  eliminated  by  using  a  sounding 
system,  devised  by  NRL  scientists,  which  measures 
the  atmospheric  water  vapor  during  the  descent  of  a 
balloon  from  100,000  feet.  The  air  is  sampled  from 
the  lowest  position  in  the  balloon  train  and  is  thus 
essentially  free  from  contamination  from  outside 
sources.  The  instrumentation  used  consists  of  an 
automatic  hygrometer  that  directly  measures  the 
temperature  at  which  frost  forms  in  the  atmosphere; 
this  temperature,  or  frostpoint,  uniquely  defines  the 
water-vapor  concentration  in  the  atmosphere. 

In  general,  the  air  temperature  places  an  upper 
limit  on  the  amount  of  water  vapor  that  can  exist  in 
the  air.  The  lowest  air  temperatures  in  the  strato¬ 
sphere  are  in  the  tropics  at  50,000  to  60,000  feet 
altitude.  It  has  been  proposed  that  the  exchange  of 
air  with  this  low-temperature  region  limits  the  mois¬ 
ture  content  for  the  entire  lower  stratosphere.  The 
observed  concentrations  are  consistent  with  this 
limiting  condition.  The  seasonal  variability  of  water- 
vapor  mixing  at  the  level  of  the  minimum  air  tem¬ 
perature  is  in  the  range  of  I  to  4  parts  per  million; 
this  is  also  consistent  with  the  annual  variability 
of  the  limiting  air  temperature.  Stratospheric  mea¬ 
surements  over  the  latitudes  IG'N  to  75°N  do  not 
show  a  north-south  gradient;  if  a  gradient  exists, 
it  is  presumed  to  be  very  small.  An  efficient  lateral 
mixing  process  in  the  lower  stratosphere  is  indi¬ 
cated. 

Recent  soundings  made  with  the  new  instrumenta¬ 
tion  at  low,  middle,  and  high  latitudes  provided  data 
for  a  broad  survey  of  water-vapor  distribution  over 
the  northern  hemisphere.  The  most  significant  findinp 
was  that  the  water-vapor  concentration  does  uoi 
increase  with  altitude  above  90,000  feet  as  su;; 
gested  by  earlier  data.  Rather,  it  is  nearly  constarit, 
with  an  average  mixing  ratio  of  about  2.5  parts  per 
million. 

Foam  Separation  of  Trace  Organic  Substances  in  Sea 

Water.  Knowledge  ot  the  organic  compounds  pres¬ 
ent  in  the  ocean  and  the  conditions  affecting  their 
production  is  of  great  importance  both  to  the  Navy 
and  to  marine  science  generally.  There  is  ample 
evidence,  for  example,  that  small  quantities  of  dis¬ 
solved  organic  substances  can  signific:intly  alter  many 
of  the  physical  properties  of  sea  watc,  adsorb  on 
surfaces  and  nourish  fouling  organisms,  and  control 
the  aggregation  or  dispersal  of  many  other  organisms. 

Although  most  of  the  usual  chemical  separation 
104  techniques  have  been  applied  to  the  isolation  of  or¬ 


ganic  compounds  of  sea  water,  all  have  important 
drawbacks.  The  principal  difficulties  stem  from  the 
fact  that  individual  compounds  occur  in  the  parts- 
per-billion  range  or  less,  with  the  total  of  such  com¬ 
pounds  rarely  exceeding  a  few  parts  per  million.  The 
salt  content,  on  the  other  hand,  lies  in  the  range 
of  31-37  parts  pe.'  thousand.  Significant  also  is  the 
fact  that  many  organic  compounds  found  in  the  sea 
have  at  least  a  moderate  affinity  for  water,  making 
extraction  by  immiscible  solvents  difficult  or  im¬ 
possible. 

One  technique  that  does  not  seem  to  have  been 
seriously  investigated  is  that  of  foam  separation  (i.e., 
the  isolation  of  substances  in  laboratory-generated 
foams).  This  has  recently  become  an  important 
method  in  chemical  engineering,  where  it  is  used  to 
purify  solvents  and  recover  by-products  from  effluent 
streams.  The  principal  drawback  of  foam  separation 
as  a  general  method  is  that  it  is  applicable  only  to 
compounds  that  can  be  scavenged  by  surfactants  or 
to  those  substances  that  are  surfactive  (i.e.,  those 
compounds  containing  both  hydrophobic  and  hydro¬ 
philic  groupings  that  will  cause  them  to  accumulate 
preferentially  at  a  gas-solution  interface).  Within 
this  limitation,  however,  the  process  has  the  great 
advantage  of  becoming  more  efficient  as  the  solution 
becomes  more  dilute.  Thus  it  works  best  under  those 
very  conditions  that  cause  most  other  separation 
processes  to  break  down. 

Since  many  important  compounds  which  occur  in 
the  sea  are  surface  active  (e.g.,  proteins  and  enzymes, 
some  polysaccharides,  and  lipids),  the  fo.an-separdtion 
process  is  being  investigated  systematically  by  NRL 
scientists  as  an  additional  tool  of  the  chemical 
oceanographer.  The  essence  of  the  technique  is  to 
create  large  quantities  of  gas-solution  interfaces 
(bubbles)  and  allow  them  to  rise  through  a  column 
of  sea  water  in  a  “foam  tower."  The  surface-active 
compounds  are  adsorbed  onto  the  bubble  surfaces 
and  earned  to  the  lop  of  the  column  as  foam.  The 
foam  is  removed,  and  when  it  collapses,  the  result 
is  a  solution  preferentially  enriched  in  the  surface- 
active  compounds.  The  foam  tower  has  a  capacity 
of  7.5  liters;  middle  sections  of  various  lengths 
provide  other  capacities. 

Experiments  at  NRL  have  thus  far  shown  that 
8-10  percent  of  the  organic  carbon  in  coastal  sea 
Wat?’’  can  be  highly  concentrated  by  this  method  and 
recovered  in  a  small  volume.  Part  of  this  material 
has  been  found  to  be  protein.  Protein  is  generally 
believed  to  occur  in  the  sea,  but  the  fact  has  not 
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Diagram  of  foam  separation  apparatus. 
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heretofore  been  actually  demonstrated.  Quantitative 
studies  made  with  the  apparatus  and  with  known 
amounts  of  protein  added  to  artificial  sea  water  have 
shown  that  nearly  100  percent  recoveries  can  be 
achieved  with  initial  concentrations  of  3"'  micrograms 
or  less  of  protein  per  liter. 

Trace-Element  Measurements  In  Marine  Animals. 

.Vmong  the  most  significant  gaps  in  our  basic  under¬ 
standing  of  the  sea  is  a  detailed  knowledge  of  its 
chemical  and  physical  evolution  during  geologic 
time.  An  effort  is  currently  in  progress  to  discover 
some  of  the  properties  of  the  ancient  oceans,  which 
have  exerted  such  a  profound  influence  on  the  bio¬ 
logical  and  geochemical  evolution  of  the  Earth  as 
we  know  it. 

The  problem  is  being  studied  thiough  measurements 
of  trace-clement  concentrations  in  the  shells  of 


modern  and  fossil  marine  animals.  The  approach 
is  to  first  collect  marine  invertebrates  from  diffr.rent 
environments  and  to  establish  the  influence  of  various 
ecological  factors,  such  as  temperature,  salinity, 
and  water  chemistry,  on  the  deposition  of  particular 
trace  elements  in  their  shells;  then,  by  studying  the 
same  trace  elements  in  the  shells  of  their  fossil 
ancestors,  an  attempt  is  made  to  reconstruct  the 
chemical  and  physical  parameters  of  the  prehistoric 
.was  they  inhabited  at  various  times  in  the  geological 
past. 

The  initial  experiments  in  this  program  have  con¬ 
centrated  on  determining  the  influence  of  salinity 
on  the  chemical  compositon  of  the  shells  of  modem 
marine  animals  and  establishing  the  trace-eirment 
content  of  20-million-ycar-old  marine  fossils  from  the 
Miocene  pcriiid. 

Ihc  trace  elements  are  measured  by  the  nuclear 
technique  of  r.idio-activation  analysis,  in  which 
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radioactive  isotopes  of  the  elements  of  interest  are 
produced  by  bombarding  the  sample  shells  with 
neutrons  in  the  NRL  nuclear  reactor.  Specific 
chemical  constituents  are  quantitatively  identified 
by  detecting  gamma  rays  from  the  resultant  radio- 
activated  isotopes.  Most  of  the  work  thus  far  has 
concerned  the  concentrations  of  Ca,  Mg,  Sr,  Na,  and 
Mn  in  certain  molluscs  and  Crustacea  in  relation  to 
the  salinity  of  their  aquatic  habitat.  The  measurements 
to  date  indicate  that  specific  biochemical  responses 
of  marine  animals  to  environmental  factors  are 
reflected  in  the  trace-element  .oncentrations  in  their 
shells.  This  positive  result  maintains  the  hope  that 
trace-element  measurements  in  marine  fossils  may 
provide  a  useful  too!  for  establishing  some  of  the 
physical  and  chemical  parameters  of  the  ancient 
oceans. 


Marine  Geochemistry  of  Fluorine.  Although  the 
element  fluorine  appears  to  be  fairly  uniformly  dis¬ 
tributed  in  the  ocean,  local  excesses  in  deep  water 
have  been  reported  to  occur,  due  either  to  submarine 
volcanic  activity  or  to  the  dissolution  of  fluoride 
minerals.  The  mapping  of  these  local  excesses  can 
provide  information  on  the  circulation  of  deep  water. 
Equally  interesting  is  the  report  that  the  ratio  of 
fluorine  to  chlorine  is  much  higher  in  the  marine 
atmosphere  than  in  the  ocean  itself.  NRL  scientists 
are  utilizing  radiochemical  and  electrochemical 
methods  to  investigate  more  thoroughly  the  sources 
and  behavior  of  fluorine  in  the  ocean  and  its  role  in 
air-sea  interactions. 

Radio  chemical  experiments  were  conducted  to 
investigate  the  behavior  of  fluorides  when  sea  water 
is  evaporated  and  to  study  possible  changes  in  the 
ratio  of  fluorine  to  chlorine  during  the  formation  of 
sea  spray.  Sea  water  samples  spiked  with  fluorine 
were  slowly  evaporated  by  blowing  warm  air  over 
them.  Results  showed  that  part  of  the  fluorine  is 
precipitated,  with  the  CaCOi/CaSO^  fraction  crys¬ 
tallizing  first  from  the  sea  water.  Some  fluorine  is 
found  in  the  crystallized  NaCI,  but  must  of  the  element 
remains  in  solution,  being  precipitated  after  the 
precipitation  of  the  minerals  potassium  and  mag¬ 
nesium. 

The  air-sea  interaction  experiments  were  conducted 
by  bubbling  air  through  sea  water  spiked  with  fluorine 
and  chlorine.  The  ratio  of  these  two  radioisotopes 
was  measured  in  the  original  sea  water  as  well  as  in 
the  sea-spray  droplets  formed  by  the  bursting  air 
106  bubbles.  No  change  was  recorded  in  the  ratio  of 


fluorine  to  chlorine  during  the  formation  of  sea  spray. 
These  results  are  not  in  agreement  with  those  of 
some  other  workers  who  do  report  fluorine  and 
chlorine  ion  fractionation  at  the  air-sea  interface. 

A  new  method  for  determining  fluorine  by  photo- 
nuclear  activation  analysis  was  developed  in  1967. 
It  is  based  on  counting  the  N  radioactivity  obtained 
from  the  reaction  of  “fast”  photoneutrons  with 
fluorine,  ''F(n,a)‘*N.  Analysis  by  this  method  is 
very  fast,  requiring  only  two  minutes  per  sample. 
In  addition,  it  permits  nondestructive  analysis  of 
fluorine  in  rocks,  fossils,  marine  animals,  and  sedi¬ 
ments.  The  detection  limit,  however,  is  0.05  percent 
fluorine,  but  the  sample  types  indicated  above  usually 
contain  sufficient  fluorine  for  accurate  analysis. 

Using  an  ion-specifle  electrode,  NRL  scientists 
developed  during  1968  a  simple,  rapid,  accurate 
method  for  the  analysis  c'  fluoride  in  sea  water. 
Its  accuracy  was  verified  by  ndependently  measuring 
the  fluoride  in  sea  water  samples  which  had  been 
analyzed  by  the  well-established  photonuclear  activa¬ 
tion  method  developed  at  NRL.  The  technique  was 
used  at  sea  (aboard  .'hip)  to  measure  fluoride  dis¬ 
tributions  at  several  locations  in  the  Atlantic  Ocean. 

The  fluoride  ion-specific  electrode  was  utilized  to 
evaluate  the  formation  constant  of  the  equilibrium 
Mg+^  -I-  F'  MgF+  in  H...0  and  in  sea  water  as  a 
function  of  temperature  and  total  ionic  strength. 
These  results  were  of  value  in  increasing  our  knowl¬ 
edge  about  ionic  equilibria  operative  in  the  sea  as 
well  as  contributing  information  necessary  for  the 
electrochemical  analysis  of  total  fluoride. 

It  must  be  emphasized  that  the  method  developed 
for  the  fluoride  electrode  should  be  generally  appli¬ 
cable  to  several  types  of  ion-specific  electrodes  which 
are  now  available.  These  devices  offer  an  attractive 
approach  to  the  analysis  of  minor  constituents  in 
sea  water  by  virtue  of  their  ability  to  measure  in¬ 
dividual  chemical  species  and  their  adaptability  for 
continuous  in  situ  measurements.  Their  adaptation 
for  operation  at  high  hydrostatic  pressures  will  also 
be  useful  for  laboratory  studies  of  the  effects  of 
pressure  on  chemical  equilibria. 


The  Density  Gradient  Column  as  a  Tool  for  Measuring 
Sea-water  Density.  Density  is  one  of  the  most  im¬ 
portant  physical  properties  of  sea  water;  from  an 
accurate  knowledge  of  the  in  situ  density  structure 
over  a  given  region,  it  is  possible  to  predict  the 
movement  of  water  masses,  the  formation  of  currents, 
and  the  sea-surface  slope.  Density  is  not.  however. 
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an  isolated  property.  It  is  intimately  associated  with 
and  dependent  upon  salinity,  temperature,  and  pres¬ 
sure.  In  the  open  ocean,  it  ranges  from  about  1.02400 
to  about  1.03000  grams  per  cubic  centimeter.  The 
usual  method  of  determining  density  is  by  calculations 
based  on  a  knowledge  of  these  variables.  For  most 
oceanographic  purposes  it  is  necessary  to  know  this 
value  correctly  to  at  least  one  part  in  the  fifth  decimal. 

There  are  several  direct  and  indirect  methods  for 
measuring  the  density  of  sea  water.  Pycnometry,  the 
timing  of  a  falling  drop,  and  hydrostatic  weighing 
are  not  suitable  for  shipboard  use.  Other  methods, 
such  as  stem  hydrometry,  usually  are  not  sensitive 
enough  for  oceanographic  purposes.  The  Laboratory 
has  made  a  preliminary  study  to  determine  the  feasi¬ 
bility  of  adapting  another  method,  the  density-gradient 
column,  for  use  in  determining  the  density  of  sea 
water.  In  this  approach,  a  column  of  liquid,  immiscible 
with  water  and  having  a  vertical  density  gradient,  is 
prepared.  The  water-drop  sample  is  inserted  in  the 
column,  where  it  falls  until  it  reaches  the  level  of 
its  own  density.  The  resting  position  of  the  sample 
drop  is  compared  to  the  positions  of  samples  with 
known  density.  The  density  is  computed  on  the  basis 
of  a  linear  density  gradient. 

The  liquids  finally  adopted  for  this  study  were 
bromobenzene  (density  1.4853 1 )  and  kerosene 


I  he  vcrlii  al  ilcn-.ilv  grajicnl  column  used  lo  deicmiine  the 
densities  of  sea  water  samples  in  .!  constant  lempcratiiie 
Kith  the  c.ithetomelci  lot  mcasiinnj:  ilrop  piisition  is  m 
the  toreiiroiind 


(density  0.80437).  Two  mixtures  of  high  and  low 
density,  respectively,  were  prepared  at  the  extremes 
of  the  selected  density  range  (from  approximately 
1.02000  to  1.02800)  by  combining  the  two  liquids 
in  the  proper  ratios.  The  lighter  mixture  was  care¬ 
fully  layered  over  the  heavier  one  in  the  density 
gradient  tube.  After  the  liquids  were  gently  mixed 
across  the  interface,  the  tubes  were  allowed  to  stand 
until  the  gradients  stabilized. 

All  experiments  to  date  have  been  conducted  with 
salt  solutions  of  known  densities  as  determined  by  a 
pycnometer.  The  effects  of  several  variables  on  the 
procedure  have  been  examined.  It  is  believed  that, 
under  laboratory  conditions  at  least,  it  is  possible 
to  determine  routinely  the  density  of  sea  water  to 
1  part  in  10*.  The  problems  of  shipboard  operation 
have  not  yet  been  investigated. 


Study  of  Phytoplankton  by  Spectroreflectometry.  Lit¬ 
tle  is  known  about  the  fine-scale  distribution  of 
phytoplankton  and  the  nutrient  and  environmental 
factors  that  induce  “blooms,"  or  localized  con¬ 
centrations  of  organisms. 

More  frequent  sampling,  to  achieve  better  detail 
in  plankton  data,  has  required  that  the  various 
mechanical  and  chemical  sampling  methods  be  im¬ 
proved.  It  has  also  required  that  ways  be  found  to 
decrease  the  amount  of  labor  involved  in  collecting 
and  measuring  organisms  and  in  reducing  the  data 
to  suitable  indices.  These  needs  have  resulted  in  the 
current  use  of  a  trichromatic  method  which  filters  but 
does  not  involve  an  extraction  procedure.  The  results 
are  given  in  terms  of  pigment  content  per  unit  of  water 
filtered. 

It  seemed  possible  to  NRL  scientists  that  small 
concentrations  of  minute  piiytoplankton  organisms 
deposited  on  a  white  filter  might  be  detectable  in  a 
useful  way  with  the  Beckman  DK2A  spectrophotom¬ 
eter  and  its  integrating  sphere  accessory,  which  have 
high  sensitivity  and  scanning  capability.  One  hastens 
to  add  that  some  types  of  cells  are  difficult  lo  break 
up  sufficiently  to  allow  the  escape  of  ;dl  pigments, 
thus  introducing  an  uncertainty  in  the  data  obtained. 

I\)  estaolish  the  feasibility  of  applying  spectro- 
rcflcctivity  melhods  to  the  estimation  of  phytoplank¬ 
ton.  unialg;il  cultures  of  known  organisms  in  known 
concentrations  were  used  The  organisms  were 
C'iihirrllii  sp..  C  /iinti'<rri'\  vi</' rv/onrnv/v  (  oilier 
.ind  Mu."phy.  (I  vmnoilinium  hr<  \  v  Davis,  and  (  o  /o- 
itlln  mirw  Husicdi.  Other  cultures  are  now  being 
prepared.  .Ml  of  these  organisr.rs  were  made  up  in  107 
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200  milliliter!,  of  suspension  in  their  final  concen¬ 
trations.  The  suspension  was  filtered  through  a 
millipore  disc  with  a  pore  size  of  0.45  microns.  Im¬ 
mediately  following  filtration,  the  discs  were  trans¬ 
ferred  to  plastic  petri  dishes  and  stored  in  the  dark 
under  refrigeration  until  submitted  to  the  spectro- 
reflectometer.  Each  sample  was  scanned  against  a 
blank  millipore  filter  as  a  reference. 

Work  to  date  indicates  that  the  spectrophotometric 
method  has  considerable  promise  for  the  qualitative 
differentiation  and  quantitative  estimation  of  dominant 
planktonic  types.  Absorption  at  a  single  wavelength 
(670  millimicrons,  an  absorption  maximum  for 
chlorophyll  c)  can  be  a  useful  index  of  concentrations 
of  phytcpianktonic  material.  Samples  analyzed  re¬ 
cently  in  the  Caribbean  Sea  gave  data  on  plankton 
distribution  in  that  area. 

OCEAN  TECHNOLOGY 

Scorpion  Search.  The  successful  search  for  the  lost 
submarine  USS  Scorpion  was  probably  the  longest 
continuous  operation  aboard  a  ship  ever  undertaken 
by  a  group  from  NRL.  The  search  operations  vere 
conducted  abc'ard  USNS  Mizar  (T-AGOR  1  li,  which 
steamed  from  Norfolk,  Virginia,  on  June  2,  l‘»68,  and 
returned  to  New  York  on  November  22.  During  this 
172-day  interval,  Mizar  steamed  approximately 
10,000  miles,  of  which  2,600  mile;,  were  traveled 
at  a  search  speed  of  about  one  knot. 

Once  a  month  Mizar  visited  Prahia  in  Terceira, 
Azores,  to  take  on  supplies  and  exchange  scientific 
parties.  Each  scientific  party  normally  consisted  of 
12  personnel  from  NRL,  4  satellite  navigation 
operators  from  the  Naval  Oceanographic  Office,  and 
one  operations  analyst  from  Wagner  .\ssociates. 
During  the  first  two  months  there  also  were  four 
ocean-bottom  scanning-sonar  operators  from  Westing- 
house.  The  commodore  of  Task  Group  42.2.1  and 
one  officer  from  Submarine  Development  < Iroup  One 
were  aboaiu  during  the  last  three  months.  Only 
19  berthing  spaces  were  available  for  scientific 
personnel,  but  there  were  times  when  the  scientific 
party  was  as  large  as  2.5. 

The  towed  search  vehicle  was  an  aluminu  n  struc¬ 
ture,  called  a  "fish."  which  was  built  at  NRL. 
Mounted  in  this  structure  was  the  integrated  search 
system.  The  principal  sensors  used  were  ihe  proton 
precession  magnetometer,  a  wide-angle-lens  survey 
Ciimera,  and  a  side-li>oking  sonar.  A  transpt)nder  for 
determining  the  ixisition  of  the  fish  rclatwc  to  the 
108  ship,  a  frequency-multiplexing  telemetry  and  com- 


Aluminum  carriage  (“fish")  containing 
search  instrumentation. 


mand-control  unit,  two  200  watt-sf.Cviad  stroboscopic 
lights,  and  a  28-volt  battery  power  supply  made  up 
the  remaining  components  mounted  in  the  fish.  An 
olT-the-bottom  depth  indicator  (essentially  a  pinger 
system)  was  used  to  maintain  the  fish  at  the  desired 
height  above  the  ocean  floor. 

A  20,(K)0-fiH>t-long  armored,  single  coaxial  cable 
provided  the  only  electrical  link  for  all  information 
from  the  sensors  to  the  ship  aiKl  for  commands  from 
the  ship  to  the  fish.  (Maintaining  a  full  battery  charge 
was  also  done  through  this  same  coaxial  cable.) 
The  fish  was  retrieved  only  when  the  camera  ran  out 
of  film,  which  was  after  1.5  hours  of  continuous 
photography.  When  searching  at  a  speed  of  one  knot, 
with  the  fish  .10  feet  above  the  bottom,  a  lOO-fsHit- 
diumeter  view  of  the  bottom  was  photographed  each 
10  seconds.  Sufficient  overlap  of  the  photographed 
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area  was  provided  so  that  a  continuous  mosaic  of 
the  ocean  bottom  could  be  reconstructed.  A  total 
of  II9,0()0  photographs  was  taken  of  the  area.  At 
times,  two  cameras  were  mounted  in  the  fish.  The 
second  camera  carried  film  tor  an  additional  24,000 
photographs.  The  total  rKean  bottom  photographed 
equaled  an  area  of  1 2  square  miles. 

Major  shipboard  navigational  equipri.cnt  included 
the  acoustic  tracking  system,  which  computed  the 
position  of  the  fish  relative  to  he  ship,  and  a  satellite 
navigation  system,  which  indicated  the  ship  s  geo¬ 
graphic  position.  When  a  systematic  search  of  an 
area  was  desired,  transponders  were  mounted  on  the 
ocean  bottom  and  "fixed"  geographically.  The 
acoustic-tracking  system  also  used  these  transponders 
to  compute  their  position  relative  to  the  ship. 

The  first  photographic  evidence  found  of  the  where¬ 
abouts  of  Scorpion  was  a  bent  piece  of  sheet  metal, 
which  was  detected  after  18  days  of  operation.  In 
that  same  area,  there  was  a  sharp  geomagnetic  out¬ 
cropping  that  gave  a  signal  from  the  magnetometer 
having  characteristics  similar  to  those  of  a  man-made 
object.  However,  no  further  magnetic  anomalies  were 
recorded.  The  bent  piece  of  metal  could  not  be  posi¬ 
tively  identified  as  being  from  the  Scorpion,  so  the 
search  was  continued  in  other  areas. 

After  five  months  of  futile  searching,  it  was  decided 
to  return  to  the  general  vicinity  in  which  the  metal 
had  been  found.  Within  a  few  days,  on  October  28. 
the  magnetometer  recorded  a  signal  of  the  proper 
characteristics,  and  the  side-looking  sonar  showed 
an  object  standing  clear  of  the  bottom  When  the 
film  was  developed,  the  object  was  identified  as  being 
a  l.iige  section  of  the  hull. 

On  the  following  run.  after  the  fish  had  been  near 
the  bottom  but  a  few  hours,  the  main  drO-e-shaft 
coupling  on  the  deep-sea  winch  fiuled.  I  he  fish 
plummeted  to  the  ivean  floor,  but  it  was  retrieved  by 
the  operatii'n  of  a  small  auxiliiU'v  motor  After  4-1/2 
hours  of  inhauling.  the  fish  finally  broke  surface. 
Suddenly,  the  tow  cable  ptuted.  and  the  fish  tvalued  at 
plunged  Itl.IKH)  feet  to  the  ocean  bottom. 
This  was  a  sentius  loss  of  equipment,  but  more  so  of 
setirch  Ciipabiliiv.  Two  days  were  spent  preparing  the 
spare  fish  tind  repairing  the  hoist.  During  the  remain¬ 
ing  three  days.  lO.tHH)  photographs  were  obtained  of 
p.trts  of  the  hiilk  and  debus  from  it 

NKI  was  charged  with  the  responsibili'y  for 
ciHudinating  the  an.ilysis  of  .dl  dai.i  .-X  large  mosaic- 
photograph  of  the  oce.tn  floor  was  completed,  and 
pertinent  data  were  m.ulc  ,iv,iil..ble  to  the  Navy’s 
Ho.ird  of  Inquire 


Optimum  Packing  of  Hollow  Splwrcs  in  Buoyancy 
Materiats.  Improved  syntactic  foams  and  arrays  of 
hollow  spheres  arc  in  great  demand  to  provide 
buoyancy  for  deep-diving  vehicles  and  instrument 
packages.  Currently,  the  buoyancy  is  limited  by  the 
packing  of  the  spheres,  which  is  far  from  ideal.  The 
collapse  of  individual  spheres  under  the  applied 
pressures  is  also  a  problem. 

The  volume  fraction  of  spheres  in  syntactic  foam 
can  be  increased  to  a  major  degree  through  close 
packing  if  certain  rules  and  precautions  are  observed. 
A  first  requirement  is  provision  for  a  main  set  of 
spheres  that  are  sufficiently  uniform  in  size  to  permit 
them  to  be  closely  packed.  A  second  requirement  is 
that  the  geometry  of  the  container  is  such  that  the 
spheres  can  be  poured  into  it  so  as  to  allow  later 
infusion  by  the  matrix.  If  the  shape  of  the  container 
is  not  correct,  the  entire  volume  will  be  disturbed  by 
dislocations  and  vacancies  analogous  to  defects  in 
plastically  deformed  metal  crystals.  For  nonuniform 
spheres,  the  packing  may  be  even  poorer. 

Perfect  packing  can  be  obtained  without  disloca¬ 
tions  if  the  container  is  a  regular  tetrahedron  or 
octahedron  or  a  truncated  version  of  either.  Perfect 
natural  packing  can  be  achieved  in  an  octahedral 
container.  A  substantial  further  improvement  in 
buoyancy  can  be  obtained  by  infiltrating  the  main 
set  of  spheres  with  a  population  of  smaller  size  which 
can  shake  down  through  the  interstices.  For  this 
purpi  e,  the  diameter  should  be  one  seventh  (or  less) 
of  the  diameter  of  the  n  '.in  spheres.  Although  major 
improvements  are  theoretically  possible,  their 
future  realization  depends  on  the  development  of 
industrial  manufacturing  tech  liques  capable  of 
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Hollow  buoyai.oy  spheres  in  an  inappro¬ 
priately  shaped  container.  Dislocations 
and  vacancies  itre  apparent. 


producing  hollow  glass  spheres  sufficiently  uniform 
in  ize  and  sufficiently  high  in  individual  buoyancy 
and  strtr.gth. 

The  goals  of  this  investigation  also  include  the 
calculation  and  measurement  of  the  stresses  on  the 
glass  spheres  which  contribute  to  individual  collapse 
by  clastic  buckling.  Two  of  the  contiibuting  factors 
are  tl)  stresses  caused  by  shrinkage  in  the  resin  as 
it  cools  from  the  curing  temperature  and  (2)  point 
loads  on  a  sphere  applied  by  the  nearest  neighbors 
in  contact  or  in  near  contact. 


The  Strength  of  4i'ncaled  Bulk  Glass  for  Possible 
Dccp-Submergencc  Structures.  .Mthough  chemical 
strengthening  .end  surface  quenching  are  well-estab¬ 
lished  processes  which  can  greatly  increase  the 
strength  and  "eliabillty  of  glass,  they  are  not  as  yet 
gene  applicable  to  thick  sections  and  complicated 
shap.  large  structures.  ''.Iso.  only  celain  glass 
compositions  can  re.spor.d  to  these  processes.  For 
the  next  two  or  three  yi.  \rs,  annealed  t.uik  glasses 


will  be  considered  .‘‘or  deep-submergence  structures 
i.n  spite  of  the  well-known  fact  that  their  strength  is 
limited  by  surface  flaws.  Etching  can  remove  most  of 
these  Haws,  but  there  is  no  guarantee  that  all  flaws 
will  be  removed  or  that  new  ones  will  not  be  created 
accidentally.  Surface  cracks  can  grow  to  critical 
depths  under  low  tensile  stresses  and  moist  condi¬ 
tions.  The  critical  depth  for  surface  cracks  is  of  the 
order  of  30  microinches  if  the  glass  is  to  accept  a 
•ensile  stress  of  100,000  pounds  per  square  inch. 

The  time  necessary  for  subcritical  crack  growth 
to  result  in  critical  crack  depth  was  investigated  by 
measuring  the  rates  of  growth  under  arbitrary  con¬ 
stantly  applied  fracture  driving  forces.  Having 
established  the  rates  as  a  function  of  the  driving 
force  and  the  humidity,  it  was  feund  possible  by 
integration  to  predict  the  times  for  small  surface 
cracks  to  grow  to  critical  size. 

Chemical  rate  theory  was  modified  to  incorporate 
fracture  mechanics,  and  the  resulting  equations  are 
useful  as  a  theoretical  framework  for  explaining  the 
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t  rack  length  as  a  f'lnclion  'f  a  constantly  applied  driving 
force,  ti  I  he  slope  of  the  line  gives  the  rate  of  crack  propttga- 
lio:i.  iTcst  for  t  X  12  X  l).l27-jncf.  plate  glass  condue'ed  -it 
T4"t  and  at  tdmost  100  percent  rel  uivt  humidity.) 


(  rai  k  velocity  w  rwn  (i  for 
different  dewpoints  1  he  test 
was  conducted  at  teatpera 
lure-  ranging  from  22 '(  to 
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experimental  results.  The  rate  at  which  the  short- 
time  strength  degrades  is  proportional  to  the  rate  at 
which  the  square  root  of  the  crack  depth  increases. 
A  strong  dependence  of  crack  growth  rate  on  com¬ 
position  was  found,  but  the  selection  of  an  optimum 
composition  will  require  the  acquisition  of  much  more 
information. 


Structural  Analysis  of  Cable  Systems.  Cables  are 
employed  as  the  basic  structural  elements  in  a  large 
number  of  scientific,  engineering,  ana  military  devel¬ 
opments,  such  as  suspension  bridges  power  lines, 
towlines,  and  tethers,  because  of  their  convenient 
handling  and  storage  properties  as  well  as  their 
extremely  favorable  ratios  of  strength  to  weight. 
For  such  use,  it  is  desirable  to  calculate  the  tensions 
in,  and  shapes  of,  the  loaded  cable  structure  so  that 
the  reliability  and  performance  of  a  system  can  be 
predicted. 

For  a  wide  range  of  cable  stress  versus  strain 
relationships  and  applied  loadings,  no  adequate 
analysis  techniques  have  been  available.  This  was 
particularly  true  for  cables  with  nonlinear  stress 
versus  strain  relationships  and  for  structures  sub¬ 
jected  to  current-induced  drag  forces  that  are  depen¬ 
dent  upon  both  the  position  and  orientation  of  the 
system  in  space.  The  primary  reason  for  limited 
analytical  techniques  is  the  large  inherent  nonlineari¬ 
ties  in  the  equations  of  equilibrium  and  of  the  forcing 
functions. 

NRL  scientists  became  actively  engaged  in  the 
development  of  techniques  for  the  amilysis  of  such 
systems  during  the  past  year.  I  his  effort  has  culminat¬ 
ed  in  the  formulation  of  a  new  structural-analysis 
technique  called  "the  method  of  imaginary  reactions." 
This  methixl  is  capable  of  providing  rapid  and  accurate 
engineering  answers  relating  to  stress  and  deflection 
patterns  when  applied  to  cables,  .A  lumped-parameter 
description  otThe  cable  system  is  applied.  However, 
since  the  iiumticr  of  unknown  variables  equals  only 
the  number  of  redundant  reactions  for  any  representa¬ 
tion  ct  the  stnicture.  a  closely  spaced  division  of 
the  structure  into  lumpcd-parameler  elements  ran 
he  made  without  grossly  affecting  the  number  of 
calculations  needed. 

This  methtxl  is  being  used  to  study  several  cable 
systems  which  have  previously  defied  accurate 
analysis.  One  such  system,  of  pcrticular  interest 
to  oceanographers  and  the  Navy,  is  Sea  Spider.  1  his 
system  consists  of  a  subsurface  buoy  anchored  to 
the  bottom  by  three  cables.  It  is  designed  to  provide 
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Schemiilic  representation  of  he  Sea  Spider 
cable  installation  which  supi.orts  undersea 
instrumentation.  The  pyramidal  arrangement 
and  large  flotation  buoy  improve  stability, 
but  water  currents  and  gravity  cause  displace¬ 
ments  from  desired  straight-line  orientation. 


a  platform  for  a  wide  variety  of  oceanographic  experi¬ 
ments  that  require  an  ulirastable  base  and  a  long  life. 

The  float  is  stationed  deeply  enough  to  avoid  surface- 
wind  and  -wave  effects,  and  its  large  buoyancy  imparts 
high  tensions  to  the  anchoring  cables.  Because  of 
the  high  tensions  and  the  pyramidal  arrangement  of 
the  cables,  the  system  is  s  lucturally  resistant  to 
current-induced  deflections  from  its  gravity  equilib¬ 
rium  position. 

The  general  method  of  analysis  has  been  developed, 
and  example  computations  foi  representative  arrays 
have  been  performed  with  the  aid  of  digital-computer 
coding.  A  large  variety  of  problems  can  be  solved 
by  making  relatively  minor  variations  in  tne  basic 
aniiiytical  approach. 

Experimental  Approaches  in  Shock  Design  Research. 

As  IS  true  of  most  technologies,  the  progress  in 
devising  methtxls  to  design  "shock-hardened"  ship- 
Kiard  stnictuics  depends  on  the  creative  interplay 
between  physical  experimentation  and  theoretical 
ingenuity,  in  stiuclural  shiKk  design  research,  phys¬ 
ical  expcnmcniation  has  long  been  dominated -one 
might  almost  say  "inhibited"  -  by  measurement  and 
aniilysis  problems  which  stem  from  the  inherent 
complexity  of  real  stiuctures  and  from  their  equally 
complex  response  to  shock  environments  Some  years  1 1 1 
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ago  attempts  to  interpret  structural  shock  records 
in  the  time  domain  were  largely  abandoned  in  favor 
of  approaches  involving  the  same  records  transformed 
into  a  frequency  domain;  the  complex  data  included 
in  the  available  single-parameter  records  'usually 
relative  velocity)  seriously  impeded  physically 
significant  interpretation.  Recent  improvements  in 
instrumentation  have  produced  new  possibilities 
for  analytical  insight. 

More  or  less  central  to  the  improved  instrumenta¬ 
tion  system  is  an  integrated-accelerometer  concept, 
in  which  small,  lightweight  accelerometer  transducers 
are  coupled  with  electronic  circuitry  capable  of 
producing  the  velocity  and  displacement  integrals  of 
a  measured  absolute  acceleration  transient.  While 
the  concept  is  fairly  obvious,  the  practical  problems 
have  been  formidable.  In  a  typical  shipboard  shock- 
measurement  problem,  accurate  integration  requires 
that  the  system  be  linear  and  stable  over  a  dynamic 
range  of  10,000  to  1,  that  it  respond  to  frequencies 
from  near  zero  to  approximately  2,000  cycles  per 
second,  and  that  it  be  insensitive  to  higher  structuial 
frequencies  which  would  otherwise  require  a  further 
extension  of  dynamic  range.  In  addition,  the  com- 
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An  atceleromcter  retold  reproduced  with  succcsmv; 
intcgr.ilionc  I  hit  record  w.i;,  ohUiincd  from  .in  .ictclcr.ilior. 
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ponents  of  the  system  must  be  operationally  com¬ 
patible  with  the  primitive  experimental  conditions 
frequently  encountered  during  field  measurement 
programs.  These  difficulties  have  been  surmounted 
with  the  NRl.  shock  instrumentation  system,  which 
has  been  proved  during  usage  in  a  series  of  laboratory 
and  held  measurement  programs. 

For  the  experimental  researcher,  simultaneous 
recording  of  shock  response  in  a  convenient  three- 
parameter  format  (acceleration,  velocity ,  and  dis¬ 
placement)  provides  new  options  for  the  interpreta¬ 
tion  of  structural  response  under  shock.  The  ready 
recognition  of  coupled  structural  modes,  impacts 
within  the  structure,  dynamically  induced  deforma¬ 
tions,  and  instrumentation  malfunctions  is  frequently 
possible.  Further,  the  interpretive  flexibility  that 
would  accrue  from  having  a  set  of  filtered  records 
can  now  result  from  a  simple  manual  averaging  of 
the  slopes  of  the  velocity  or  the  displacement  records 
over  selected  time  intervals.  In  general,  the  successive 
integrals  emphasize  motions  common  to  different 
proportions  of  the  total  structure  while  maintaining 
a  physically  meaningful  interrelationship  between 
these  motions.  An  interpretive  study  of  time-history 
records  in  the  three-parameter  format,  in  conjunction 
with  frequency-decomposition  techniques  already 
developed,  can  stimulate  another  step  in  the  evolution 
of  shock  design  methods. 

The  Reliability  of  Nuclear-Pewer  Instrumentation  for 
Oceanographic  Research.  Because  of  the  I  mg  life 
and  low  maintenance  of  the  nuclor  power  plant, 
nuclear  systems  will  play  a  large  role  in  iKcan  tech¬ 
nology.  The  difficulties  involved  in  adapting  the 
micletu'  reactor  to  these  new  applications  for  energy 
and  propulsion  will  include  the  problem  of  providing 
for  reliability  in  the  measurement  and  control  circuits 
of  the  primary  units.  This  particularly  troublesome 
area  in  reactor  technology  has  been  receiving  close 
scrutiny  in  a  related  held  of  research  at  NRl,. 

Scientists  at  this  1  aboratory  have  long  sought  a 
capability  lor  the  accurate  measurement  of  the 
physical  properties  of  materials  irradiated  in  a  nuclear 
environment.  Ihe  unreliability  of  components  in 
the  in-pile  portions  of  the  circuits  (i  c..  those  e.\poscd 
lo  high  nuclear  flux)  blocked  this  effort.  Ihc  inabilitv 
of  these  components  to  perform  properly  was.  of 
course,  due  to  the  continuous  attack  of  the  high- 
intensity  neutron  and  gamni.i  radiation  upon  the 
matenals  used  in  their  construction 
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In  an  effort  to  surmount  these  difficulties,  a  series 
of  in-pile  experiments  with  an  electromechanical 
instrumentation  system  were  conducted.  During 
these  studies,  the  functional  response  of  each  of  the 
circuit  components  was  examined  separately  with  re¬ 
spect  to  the  influence  of  the  different  radiation 
phenomena.  It  was  then  possible  to  provide  a  number 
of  necessary  adjustments  in  circuit  design  and  to 
develop  the  correct  design  criteria  for  the  complete 
instrumentation  system.  In  a  final  test,  the  in-pile 
measurement  system  was  subjected  to  643  hours  of 
full-power  exposure  in  the  core  of  the  NRL  reactor. 
Circuit  reliability  was  directly  comparable  to  chat 
normally  expected  in  conventional  systems. 

A  3-inch-diameter  research  probe  was  used  in  con¬ 
junction  with  specially  designed  electronic  circuits. 
The  probe,  with  12  of  these  circuits  attached,  was 
used  to  test  4  different  mechanical  strain  sensors 
under  conditions  of  load,  no  load,  and  intermittently 
applied  loading. 

Success  was  achieved  through  the  following 
measures: 

1.  Materials  which  v/ere  least  subject  to  degrada¬ 
tion  through  transmutation  of  their  elements  were 
selected  for  the  construction  of  new  components. 

2.  Instabilities  introduced  into  the  electrical 
signal  output  through  ionization  of  the  insulation 
mediums  and  of  the  experimental  atmosphere  were 
eliminated  through  the  spatial  readjustment  of 
components,  the  addition  of  ceramic  insulators,  and 
the  provision  for  a  dried  helium  atmosphere. 

3  A  symr.jetrical  open-loop  design  in  the  me¬ 
chanical  load  tram  removed  undesirable  thermal 
stresses  caused  by  gamma  heating  of  the  materials. 


A  nuclear  reactor  probe.  The  measurement  systems  in  this 
probe  withstood  a  total  exposure  of  2.78  x  10'*  neutrons 
per  square  centimeter,  with  energies  greater  than  1  million 
electron  volts,  without  disruption  of  functional  properties. 

4.  A  rearrangement  of  the  mechanical  components 
was  made  to  provide  an  equal-temperature  platform 
upon  which  the  dissimilar  metallic  junctions  of  the 
electrical  circuit  could  be  mounted.  The  generation 
of  undesirable  thermoelectric  electromotive  forces 
within  the  circuit  was  thus  prevented. 

5.  The  remaining  small,  spurious  influences  of  the 
environment  upon  the  test  configuration  were  re¬ 
moved  from  the  electric  output  by  opposing  or 
compensating  for  their  effects  in  paired  elements  of 
the  instrumentation  system. 

In  addition  to  providing  for  an  increased  reliability 
in  reactor  measurement  and  control  circuits,  the 
results  obtained  also  supply  much-needed  data  on 
the  in-pile  be’iavior  of  materials. 


Dining  ItnX,  Ihc  design  ol 
■111  (vcanogriiphic  ship  which 
will  h.ise  m.iin  enlirely  new 
Ic.iliires  ,1  2 '()  liKii  Umg  cal- 
.iin.ii.in  l\ pe  scssel-was 
ci'riiplcled  Ihc  ship,  a  draw 
ing  at  which  is  sliuwn  here, 
will  he  pill  mil'  I'pciaiian  lur 
NKI  in  Itic  eaiK  l'i'(i\ 


CONTRIBUTIONS  TO  SCIENCE  AND  TECHNOLOGY 


During  1968,  the  Rescaich  Department  staff  pro¬ 
duced  over  l.lOO  scientific  and  technical  papers. 
Its  productivity  total  includes  171  forma/  NRL 
reports,  95  memorandum  rei/orts,  490  oral  presenta¬ 
tions  at  scientific  and  technical  meetings  in  the 
United  States  and  in  foreign  countries,  and  362 
papers  published  in  professional  society  journals. 
Of  the  published  works,  20  papers  appearing  in  the 
open  literature  and  6  formal  NRL  reports  were 
selected  for  NRL  publication  awards;  these  award- 


winn'ng  papers  and  reports  are  identified  by  an 
asterisk  preceding  their  titles  in  the  following  list. 

In  addition,  71  patents  were  issued  in  1968  on 
inventions  made  by  present  and  former  employees 
of  the  Naval  Research  Laboratury.  This  rigure 
brings  the  grand  total,  through  the  calendar  year  1968, 
to  2,110. 

A  bibliography  of  papers  published  in  scientific 
journals,  a  list  of  U.S.  patents  awuided,  and  a  bibli¬ 
ography  of  NRL  formal  reports  are  presented  below. 


PAPERS  PUBLISHED  IN  SCIENTinC  JOURNALS 
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AcouAic  Mcaturenienti  in  the  Deep  Ocean  Convergence 
Zone,  by  C.  L.  Buchanan  and  R.  B.  Patterson,  Proc. 
24th  Navy  Symposium  on  Underwater  Acoustics,  New 
London,  Conn  ,  November  12-14,  1968,  p.  71 

Amplitude  DiAributions  of  MonoAatically  Bottom  Scattered 
Signals,  by  B.  G.  Hurdle,  K.  D.  Flowers,  and  K.  P. 
Thompson,  Acous.  S(k.  Am.  J.  44:356,  July  1968 

Axially  Symmetric  Vibration  of  a  Thin  Cylindrical  ElsAk 
Shell  FUM  with  Nonviscoiii  CompreaAble  Fluid,  by 

V.  A.  Del  Grosso,  Acustica  20:313,  July  1968 

Energy  Spectral  DcnAty  of  the  Sonic  Boom,  by  J.  S.  Lee, 
H.  L.  Peterson,  and  C.  McCoy.  Acous.  Soc.  Am.  J. 
44:299,  July  1968 

Experimental  MeaiurcnKnt  of  ‘Creeping*  Waves  on  Solid 
Aluminum  Cylinders  in  Water  Using  Pubes,  by  W.  G. 

Neubauer.  Acous.  Soc.  Am.  J.  44:298,  July  1968 

Experimental  Observation  of  Three  Types  of  Pubed  Cir- 
cumferentiA  Waves  on  Solid  Aluminum  Cylinders,  by 

W.  G.  Neubauer.  Acous.  Stw.  Am.  J.  44:1 150,  October 
1968 

The  Influence  of  Reverberatioii  and  Surface  Scattering  on 
the  Dctectioo  of  Targets  in  the  Shadow  Zone,  by  B.  J. 

Schweitzer  and  H.  N.  Van  Ness,  Pr<K.  24th  Navy- 
Symposium  on  Undenvuter  Acoustics.  New  l.ondon. 
Conn.,  November  12-14.  1968,  pp.  130-144 

Intemathwal  Standardization  In  Underwater  Sound  Mea¬ 
surements,  by  W.  J.  Trutt.  Acustica  20:182  (1968) 

Long  Baseline  Corrclatioo  Experiments,  by  D.  C.  Coultei 

and  C.  McCoy.  Jr  ,  /><»<  .  24th  Navy  Symposium  on 
Underwater  Acoustit  s.  New  l.ondun.  Conn.,  November 
12  14.  1968.  pp.  413-423 

Near  Field  Calbradon  Array,  by  (i.  Pida.  i).  J  C>.  (iregan. 
and  S.  Hanish.  Prtn  24th  Nasy  Symposium  on  Under¬ 
water  Acoustii  s.  New  London  Conn..  November  12-14, 
1968.  pp  234  257 


PasAve  Range  Determination,  by  A.  T.  McClinton  and  J.  C. 
Cybulski,  Proc.  24th  Navy  Symposium  on  Underwater 
Acoustics,  New  London,  Conn.,  November  12-14, 
1968,  pp.  705-719 

Results  of  an  Experiment  on  AcouAic  Reflection  from  the  Sea 
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la)w  Temperature  Magnetoresislance  in  Nearly  Ferromagnetic 
Pd-M  Alloys,  by  .A.  I  Schindler  and  H  <  la  Ros . 
.Im  Pins  Soi  Hull.  1.5:564  (1968) 
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Alloys,  bv  R  Fhra).  A  (  .  Fhilich.  ,nid  II  Rivier,  ,/ 
Pins  (  hem  Sohds  29:799(1968) 


118 


CONTRIBUTIONS 


lx>w  Temperature  Thermai  and  Eleclr'ral  Kesislivilies  of 
Osmium,  by  J.  T.  Sthriempf,  /tin.  /'/iv.v.  .Vi«  .  Hull.  13: 
.MO  (1968) 

lAiw  Temperature  Thermal  and  Electrical  Resistivities  of 
Ultrapure  Silver,  by  A.  C.  I:hii(ch  and  J.  T.  Schriempf. 
Am.  /Viv.v.  .  Hull.  I3:,M()  ( 

Measurement  of  Atomic  Kinetics  of  Solidiflcatlon  UsinK 
Peltier  Heating  and  Coolinp,,  by  R.  J.  Schaefer  and  M.  H. 
(ilicksman.  .-((Vf/  V/u.  16:i009,  August  1968 

Metal  Mixing  During  Electron  Ream  Welding,  by  P.  Sha- 
hinian,  J,  1.  Atwell,  and  I-.  J  Brooks,  lilt  i  liix  lii  /ii. 
Ici  li.  6:;!82,  July-August  1968 

Metals  and  Corrosion,  by  H.  I-.  Brown.  Uuili. 

•tO:  16.^,  Januiiry  18,  1968 

The  Nature  of  Fatigue-Crack  Propagation  in  Air  and  Vacuum 
for  2024  Aluminum,  by  I).  Meyn,  ,J,VA/  Trans.  Quart. 
61 1-*!  2.  March  1968 

Observations  on  Micromechanisms  of  Fatigue-Crack  Propa¬ 
gation  in  2024  Aluminum,  by  13,  ,A.  Meyn,  ASM  Trans. 
Quart.  61:42,  Niiuch  1968 

Procedures  for  Fracture  Toughness  Characterization  and 
Interpretations  to  Failure-Safe  Design  for  Structural 
Titanium  Alloys,  by  R.  J.  Cioode.  H't'Ulinv  Hi  search 
Ciiuiii  il  Hullelin  Vo.  t.U.  1 7  pp,,  October  1968 
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J  I  innenbom.  aiul  ('  It  (  lieek,  /  miuo/  O.tun  13:19), 
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Basic  Concepts  of  Dosimetry,  by  W,  (  Rocsch  .ind  K.  H. 
.Altix,  in  Radia’ian  llosiinetts ,  2nd  ed  ,  Eds.,  E  H 
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Caracas  an  a  P^cr  *A  Nate  an  the  h«lhni«ii  Md  Sab- 
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Jones,  in  Froc..  I  Ith  IEEE  Science  Sciniillalion  Counter 
Symposium.  February  28-Marcli  1,  1968.  Wash..  D.C.. 
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Gregory 

6822  "A  New  NRL  Acoustic  Research  Tank  Facility." 
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in  Plasma."  by  R.  C.  Elton 

6784  "Apparent  Local  Jump  in  the  Momentum-Transfer 
Rate  at  the  Front  of  Flare- Fresh  Solar  Plasma  in  the 
Interplanetary  Space,"  by  W.  W.  Balwanz  and  T.  S. 
Lee 

6801  "Theory  on  Afterburning  m  a  l.ow-Altitude  RiKket 
Exhaust  Plume,"  by  R  S.  Lee  and  W.  W.  Balwanz 


RADAR 

6608  "A  Mathematical  Model  of  a  Rotational  Frequency 
Lranslation  Device,"  by  D.  Sachs 

6623  "Some  Basic  .Aspects  of  Radar  Tiuget  Imaging." 
by  H  A,  Brown 

6628  "I  urge  .Antenna  Svsiems,"  by  M.  Skoloik 

6641  "Scintillation  Range  Noise  and  Related  Phenomena 
in  Water  Wave  Profiling  with  Microwave  Radar." 
by  A.  M  King.  (  M  Morrow.  (  <  i  Myers,  and  (  1  . 
MiHKly 

6650  "Radii'  Ra>  iR.id.u)  Range-Height  Angle  (  h.-j-t'." 
by  I  V.  Blake 

6651  "Fiiniinating  R.idar  Ambiguilies  fiy  PriKes'ing  Stag¬ 
gered  Pulse  I  nuns  oi  Spectra."  by  H  H  Woeirlcin 

6657  "  Analysis  of  I  aser-Radiii  Fve  IL./aid,"  by  P  W 
Wy  man 

6661  "Se.i-t  lutter  Meas.iiemenl  by  X.ul.u- Return  S.«m- 
pling,"  by  A  M  Lindl.o 

6666  '  R,kI.o  Ss.ilienng  from  Array  Anteniias."  hy  R  1) 
130  lompkms 


6680  "Dynamic  Measurement  of  Aircraft  Reflectivity 
Characteristics,"  by  1.  D.  Olin 

6681  "The  Scattering  of  a  Plane  Electromagnetic  Wave 
by  a  Linear  Array  of  Center-Loaded  Cylinders," 
by  O.  D.  Sledge 

6684  "A  Multiple  Sensor  Digital  Map- Matching  Tech¬ 
nique,"  by  j.  D.  Wilson 

6702  "Target  Noise  Characteristics  ofa  CH-2 1  Helicopter." 
by  M.  C.  Licitra 

6717  "On  the  Transient  Response  and  Backscatter  Prop¬ 
erties  of  Linear  Antennas."  by  S.  Sandler 

6719  "NRL  Radar  Division  Technical  Highlights  (1967)," 
by  W.  N.  Shaddix 

6720  "Noise  Filtering  Improvements,"  by  C.  F.  White. 

6731  "Applications  of  Computer-Aided  Ionospheric  Ray 

Tracing  Techniques  to  the  Analysis  of  Over-the- 
Horizon  Radar  Signatures  from  Launch-Phase  Rock¬ 
ets."  by  J.  R,  Davis.  M.  E.  Harding,  F.  H.  Utley,  and 
J  W.  Willis 

6744  "X-Band  Doppler  Signature  of  the  A-6A,"  by  R.  E. 
Gardner  and  R.  Hynes 

6790  "A  Statistic  al  Estimation  of  Aerospace  Radar  Ground 
Coverage."  by  J.  D.  Wilson 

6796  "The  Detection  of  Nonfluctuating  Targets  in  Log- 
Normal  Clutter."  by  S.  F.  George 

6804  "Ocean  Surveillance -Statistical  Considerations," 
by  Cl.  V.  Trunk 

6807  "The  Determination  of  Target  Course  and  Speed  from 
Radar  Data."  by  J.  P,  Barry 


RADIATION  EFFECTS 

6620  "The  Effects  of  Coupling  Nuclear  Riidiaiion  with  Static 
and  Cyclic  Service  Stresses  and  of  Periodic  Proof 
Testing  on  Pressure  Vessel  Material  Behavior."  by  J. 
R.  Hawthorne  and  F.  J.  Loss 

6625  "Availability  of  Data  on  Irradiated  Materials  as  Re- 
l.ited  to  Design  Requirements  for  Water  CiKiled  Re¬ 
actor  Pressure  Vessels,"  by  J.  R.  Hawthorne  and  F.  J. 

I  OSS 

6649  Lhc  lensilc  Properties  of  Selected  Steels  for  Use 
in  Nuclear  Reactor  Pressure  Vessels."  by  F  P.  Klicr, 
J  R.  Hawthorne,  and  1  .  F.  Steele 

6721  "Notch  Ductility  Properties  of  S.M- 1  ,A  Reactor  Pres¬ 
sure  Vessel  Following  the  In-Place  .Annealing  ()per;i- 
tion,"  by  U  Potapovs,  J  R.  Hawthorne,  and  (  / 

Sci-pan.  Jr 

6739  "Notch  Ductility  and  lensile  Properly  I  valu.'tion 
of  the  PM-2  A  Reactor  Pressure  Vessel."  by  (  / 

Seiivin.  Jr 

6765  "Hot  (  ell  1  qui('nicnl  Developed  for  Remote  lension 
lest  Specimen  I  valuations  at  NRJ  ."  hy  J  R  Haw 
ihorne  and  H.  F  Watson 

6T72  "Initial  Assessments  of  Notch  DiKtilily  Behavior 
of  A*ff  Pressure  N  essel  Steel  with  Neutri'n  Itradi 
ation."  hy  J  H  Hawlhorrye  and  U  Polapi'vs 


CONTRIBUTIONS 


6797  “Effects  of  High-Energy  Protons  on  Photographic 
Filni,”  by  T.  C.  Winter,  Jr.,  and  G.  E.  Brueckner 

6803  “The  Effect  of  Residual  Elements  on  550“F  Irradi¬ 
ation  Response  of  Selected  Prtss^<re  Vessel  Steels 
and  Weldments,”  by  U.  Potapovs,  and  J.  R.  Lockhart, 
Jr. 

SHOCK  AND  VIBRATION 

*6630  “Evaluation  of  Modifications  to  Shock-Mitigating 
Shipboard  Stowage  System  for  Terrier  Surface-to- 
Air  niissile,”  by  R.  L.  Borl  and  M.  W.  Oleson 

6676  “The  Effect  of  a  Second  Mode  and  Nearby  Structures 
on  Shock  Design  Values,”  by  G.  J.  O’Hara  and  1..  P. 
Petak 

6776  “Normal  Mode  Theory  for  Combined  Structures,” 
by  W.  L.  Foumey  and  G.  J.  O’Hara 

6819  “The  Static  Equilibrium  Ccnfiguratiun  of  Cable 
Arrays  Using  the  Method  of  Imagina.'y  Reactions,” 
by  R.  A.  Skop  and  G.  J.  O’Hara 

SPACE  SCIENCE  (See  Applications  Research:  Plasma 
Physics;  and  Atmosphere  and  Astrophysics) 

SPECTROSCOPY  (Also  see  Atmosphere  and  Astrophysics; 
Chemistry;  and  Mathematics  and  Information  Sci¬ 
ences) 

6638  “Measurement  and  Identification  of  Laboratory- 
Produced  Vacuum  Ultraviolet  Spectral  Lii<es,”  by 
Nancy  V.  Roth  and  R.  C.  Elton 

6648  “Atomic  Emission  Lines  Below  2000  Angstroms— 
Hydrogen  Through  .Argon,"  by  R.  L.  Kelley 

6679  "The  Relative  Speed  of  Several  X-Ray  Films,”  by 
Jacqueline  S.  Vierling 

6732  “Intensification  and  Reduction  of  Kodak  No-Screen 
Medical  X-Ray  Film,"  by  Jacqueline  Vierling 


PATENTS  RECEIVED 

3^63,118  -  RadlaBy  Driven  Fleaurf  Plate  Transducer, 

issued  January  9.  1968,  to  Claude  C.  Sr.is. 

3J64J6S  -  Pulse  AmpIHud.-to-TIaie  C'onvcnion  CIrcuil, 

issued  January  16.  1968.  to  Robert  F.  cisenhauer. 

3,364A57  -  Electrical  Adapter,  issued  January  16.  1968.  to 
Robert  J.  Veith,  Ravmond  C.  Wilkinson,  and  Claude  C. 
Marlin. 

3,364A6I  -  Transducer  Arr»jr  with  Conatant-PreMS're 

Plane-Wave  Near  Field,  issued  January  16.  1968.  to 
Winfield  J.  I  ron 

3,364v446  -  Data  c'olectlon  Syetem  Having  Plural  Channel 
Stoeage  of  Scquculial  SigaaU,  issued  January  16,  !%8. 
to  Paul  T  Stine 


3,366,962  —  Grounded  Sleeve  Antenna,  issued  January  30, 

1968,  to  John  J.  Kulik  and  Richard  F.  Schmidt. 

3367,172  —  Air  Gage  Heads  for  Internal  MesMirigg  of 
Waveguide  Bends,  issued  February  6.  1968,  to  David  W. 
McCormick. 

3368,189  -  Obstacle  liocator  System,  issued  February  6, 

1968,  to  Robert  M.  Page. 

33693*34  —  Method  for  Rnnoving  Vanadium  De|«alls  from 
the  Fire  Side  of  Heat  Transfer  Surfaces,  issued  February 
20,  1968,  to  Albert  I.  Pollard. 

3371309  -  Thermofnechanical  Transducer,  issued  February 
27,  1968,  to  Alan  H.  Rich. 

3372381  -  StaUlixalion  of  Monoethanoiamlne  Solutions  In 
Carbon  DIoside  Scrubbers,  issued  March  12.  1968,  to 
Ha'old  Ravner  and  Charles  H.  Blachly. 

3373303  -  GunBre  Control  System  for  Supplying  Aiming 
Information  for  Cum  Having  DUhrent  BalBstk  Charaeter- 
Istka,  issued  March  12.  1968.  to  Densil  M.  Cooper, 

Charles  F.  Wysong,  and  Thomas  W.  Chappriie. 

3373353  ~  Electron  Beam  Scanning  System  for  QuaBty 
Conirol  of  Maitrit’t,  issued  March  12.  1968,  to  Franklin 
H.  Harris 

3374350  -  Paint  Olspcndng  Pea,  issued  March  19,  1968, 
to  Harold  S.  Goulart  and  Herbert  Rabin. 

3374307  -  Ekctricai  Connector,  issued  March  19,  1968, 
to  Theodore  J.  Rauen,  Fxlwin  C.  Myers,  Jr.,  and  Arthur 
B.  Cooke. 

3374313  -  Cathode  Ray  Tube  Overtay  Indudli*  a  Rotatable 
Disc  with  a  HuraUly  of  Range  Scales,  issued  March  19, 

1968,  to  Robert  H.  Mathes  and  Lauro  C  Ricaizone. 

3374303  -  Accumuhtlon  Means  for  Reducthw  of  Sputter 
in  Gm-FIBed,  Lvmatt'.'',lpba  Source  Tube,  issued  March 
19,  1968,  to  Geoige  J.  Bergen  and  Arnold  H  Singer.  131 


CONTRIBUTIONS 


XSMJta  -  FiMBk  MkMk.  imH  Muck  2*. 

I9U.  ro  Mcycc  IL  Adaet.  Ha^k  H  Sank.  Hokcn  J 
Ranr.  Md  RidMd  L  SM*aa« 

3wm.Ta  -  ftiMwi  trnmemr.  asmcA  Mock  2k.  !kUL  k> 
.M»V.3aU«kL 


UOLSS-  fVa|if«iMlCa«aagTak>littifciaPlrtfc; 
tt  AaaRi^CMfeaAt  I'albi,  rused  Mn  14.  Ikkt.  io  CkM'cs 
S.  Biamicr. 

JLMauMe-S%pal  AfnlkiliStl»c«ir.M»edM«>  U.  IkkS. 
to  ^Hia  E  Hcnua. 


iJKSH  -  Dari  Aim  ii  Syatn  Itr  Tr 

Onte.  tuaed  Muck  2k.  Ikkd.  to  Ocnld  E  Han  aad 
ClorinEQa^ 

3J79jn  -  Heart  TitM*ar  aad  MtHad  d  Mmb- 
&nrtv.  iuacd  .Apri  2'.  IkkiL  to  Juaes  E  Rkkaadi- 

Xmsn  -  kh^rttkjdrtdjaiMr  U|k*  Saam  EacM 
Laacr.  tened  .April  23.  IMS.  to  Leoaard  J.  McEat. 

3JMjm  -  rRaaare-Gtadkal  Ikiiiiliii,  luaed  .Aprd  23. 
l9kS.  to  Clasde  C.  Saac. 


3Jaj4(T  -  3iiaaai^  Drdee  F^ijln.  ?^ain  ■» 
laaoe.  iuaed  .Aprd  3C.  IMS.  to  Georpe  .Akilnaa 

fccaaaiai  EHtcb  af  Static  Frfcda^  issecti  Mac  14.  IMS. 
to  Rickard  E  Bn%e  ttai  Tkoaaai  E  Manhil.  Ill 

33&:7K  -  Mad  Edd;  C^^naa  Slatiiatad  Staatar.  luatd 
Mar  I<  to  Lcoaa,  J  J.  MckwL 

IJCUB  -  Mated  aad  lifiaakii  ad  CialrJfct  Ikta 
fM  DipaiMaa  m  a  VacaaatL  loacd  May  IE  IMS.  to 
Arijra  E  Uankcr  aad  Bfair  J.  Zafac. 

33CUa>  -  Wrtcr  nkpkri^  aad  RM  ftctcaSn  Caa^aa- 
tiaa.  BSKd  Sday  lA  IMS.  to  Hayaaid  R.  Baker  aad 
Paal  B.  Uack. 


SJO^atS  —  Mated  ad  M'tpariat  Mbad  Okatan.  owed 
May  14.  IMS.  lo  Paal  J.  StaejosU 

3JSMSS  -  Idadate-  teav  Dterteatea  Syitaa.  iuaed 
May  14.  IMS.  lo  Kickoias  M.  Raakbjdodf  aid  Doa«ias 
.A.  VCBD. 


XM3iAd)  -  Pwtkiia  nnrtraak  CteitM  Abater  mt 
htH'iiii.  iuaed  May  lA  IMS.  to  Merrd  W  Okwru 

AjnjM  —  fteanc  Fretjaeaq  Ecka  Detactiaa  Sntaa. 
asacd  May  lA  ISkS.  lo  .>cdui  R.  Dauv  Jacea  M 
HeakiicL  w!  L>ca«  H 

JkJBkJM  —  Syacteaaaai  tatwadtaaetar.  iuaed  Jos  4. 
IMS.  lo  Leoaard  O  Hacdrtc 

jjaiXOi  -  MiMii  Md  Mcaao  Ur  PTadari^  Bactticpi 
Eacrc«  LVodap  a  kaetuM  OtpaadaKc  iuaed  tear  A 
1^  to  temes  i.  MSmc  aad  Marts?  R  Cavasafk 
i&rt:ucd\ 

3JSR3M  —  ntee  teaccaar.  niMed  Jaaa  II.  IMS.  to 
Rayoacad  .A.  Kjar. 

3JMJI9  -  Cuavater  Oartor  Sir  AkcraR  Cantrt  Apptartk 
Syatart.  macif  Jaae  II.  ISkS.  to  .ARen  Btodziaiky. 
Jeaepk  E.  ReyaoJds.  3r..  aad  In^  !i  Saflc. 

SJBSJFT  -  Ra&t  Nandptlai  RacaMar  SytMaa  tnSte* 

RdT^tf^  4^^  a.--m.a.  -  4»-  .  ■»-  ■  -  a.  a  _  .  .  «  a  *  a  _*>v.  .  - 

tiaa  to  a  Dead  tertealat  Made,  maed  Jaae  II.  IMS. 
90  .AJeaaadcr  F  TfcnmfciB  aad  Mehia  F.  toiCBaD. 

\mjm  -  taaiTiii  Fcad  hr  Taa^tenteata  Tracks 

Radaas, lured  JaK  il.  !MS.loJaBe5E  Levs. 

ijnXi  -  Vartokk  Ftak  Bracket,  iusxd  Jtfy  Ik.  IMS.  lo 
Koken  K-  Ckanaoa 

XmAm  -  Cater adta  Mrtkad  TrMdactr  Airac 

akk  Caaatoat-PRaaaT  Ptea-Weie  \car-Flaid,  iuoed 
Jah  I A  IMS.  lo  tolteeld  J.  Tnxt. 

3JSA323  —  Zeta  Pkase-Skn  FBtar.  isaoed  Joh  23.  IMS. 
to  Mainix  G.  Kaadaan  aad  Kofh  B.  Ganincr 

3.3MJ41  -  H^rniiaii  Caatort  hr  Ehrtrieal  CaMcctefa. 
iuDcd  Joly  23.  IMS.  to  Doiitlas  .A  Veiai. 

3,3ki,5Ik  —  Akrkatac  .Airaaai  CallKMr.  iuaed  .August  6. 
IMS.  to  Roger  M.  Schecter  and  Rabat  G.  Ruu. 

33SkJte  -  Tktiaihi^iiriilClaatad.MetkadadPiepar- 

ag  tke  Sarac.  issaed  .August  A  IMA  lo  Robert  J.  Gfcutcr. 

3JSA3W  —  Prapardoaol  Caoatar  Take  Haiiag  a  HaraBt? 

IMS.  lo  Charles  S.  Boayer. 

yj9tjsn  —  Device  far  Mcaaariag  Strea-Straa  Car,c.  issued 
.August  20.  IMS.  to  Wdter  .A.  Slolz  .deceased!.  Joseph 
M.  KntR.  ami  Fnuk  W.  Bird. 

JrMJJSI  —  >ata(iaa  Itaapir  Aaaer4iy,  issued  .August  20. 
IMS  to  Douglas  P.  AANuii- 
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^JUjn  —  EhctiQ-Optical  AkfaBctcr.  iivaeU  Ai^u*'  iO. 
I9M.  lo  D«i<hl  I.  RandilL 

—  Bfatablt  Canunit  M«4al>;,  !iMie«!  Augus*  10. 
t%$.  lo  J->hn  S  Pcolc. 

3JS^J74  —  Tiaar  CslH  Filler,  i^uied  AuguM  2?;^  lo 
NlrHin;  G.  Kaufiran. 

XiNJM  —  S;slna  aad  Mi^nd  for  Ohsisinc  Acmratc 
Tonksl  NrHcutiao.  iisucd  September  1.  i968.  lo  F.vais 
K  tUme. 

3/M3J53  ■-  HunMiOTKler  Hariag  Feedback  Mraoa  lo 
ConCrnI  ibc  Eaer^zalioB  of  the  Tube,  issued  September 
24.  1968.  to  Olive.'  K.  Luisofl. 

3.4t3J«t  —  Coamoiaed  Uorar  .MuWpic  Gate,  issued 
September  24.  1968.  to  Spencer  M.  Cork.  Garoid  K. 
Jen'.en.  oisJ  James  E.  McGcogh. 

3.4t3.543  —  .Apparatus  for  Formioc  Flatteoed  Tubes  uilb 
Coastaat  Radi  Edfs  Sections,  issued  October  I.  1968. 
to  John  B.  Gregors.  Arthur  T.  McClinton.  and  Patrick  A. 
>AT;.aington. 

3.4MU29  —  $]slra  t.if  Redudag  Phaae  Distortioc  in  the 
Phase  Reference  $Jtaab  of  a  MnWciapoe!  Phase  Shift 
Data  SvstcsB,  issued  October  1.  1968  to  Francis  X. 
Ds  ariy  and  Chajies  H.  Weaver. 

3.400.397  —  StfdSte  .Aagie  and  AStitodc  Measuring  System, 
sssu'td  O-.-tobc."  I 196  ,  to  R  iger  L.  Easton  and  Thomas 
8.  McCaskill. 

3.4(!7.354  —  Motor  and  Setf-Synchronous  Generator  Fre- 
ipKvicy  Syuctaronualian  Coils  for  Suepi  Frequency  Secret 
CoauMmkalicins  System,  issued  October  22,  1968,  lo 
Joseph  P.  Wheeler. 

3,4d9,8K  —  nine  Recording  System,  i.ssued  November  5, 
'968.  o  1  corjrd  O.  Hayden. 

3,410.664  —  Titraikm  .ApparaUs,  issued  November  12.  1968. 
•o  Giiegt  H.  Fielding. 

3.4f2347  —  Transistotized  Phase  Modubtor  Suitable  for 
Analog  Data  Conversioa.  issued  November  19.  1968.  to 
Francis  X.  Downey  and  .Aiick  Frank. 

3,41U77  —  Integrated  Fresnel  Rainbow  Optical  I  tnding 
System,  issued  November  19,  '968,  lo  Barbour  Lee 
Perry. 


3,413655  -  Analog  Data  Converter  for  a  Phase  Comparison 
Teiemeiry  System,  issued  November  26,  1968,  to  Francis 
X.  Downey. 

3,4)/,251  —  Towed  instniment  for  Conti'iuous  Measure* 
roeni  of  Ocean  Turbidity,  issued  December  1 7  to  John  M . 
Leonard  and  John  D.  Bultman. 

3.4I76Z3  —  Folding  Antenna  Mount,  issued  December  24, 
1968,  to  V.  illiam  U.  Matson. 

3.417602  —  A  Tube-Bending  Mandrei,  issued  December  24, 
1968,  to  John  G.  Schmidt. 

3,418610  —  Triggered  Spark  Gr.p  Electric  Arcing  Device, 

issued  Pccember  24.  1968.  to  Leonard  J,  Melhar:. 

3,418684  -  Control  C  Ircult  for  an  Indicating  Device,  issued 
December  24.  i968,  to  Henry  P.  Birmingham. 

3,4l8,fad2  -  Direct-Coupled  Regenerative  Feedback  Starting 
Circuit  for  Common-Emitter  Power  Oscillators,  issued 
December  24,  1968,  to  Charles  A.  l.autcr,  Ir. 

3,418634  —  Delay  Line  Switch  Prefire  and  Failure-Indicating 
System,  issued  December  24.  1968.  to  Marvin  P.  Young. 


133 


HONORS  AND  INCENTIVE  AWARDS 


Employees  of  the  Nava!  Research  Laboratory 
are  recognized  for  their  distinguished  achievements 
through  the  Navy  Incentive  Awards  Program,  through 
appropriate  honors  offered  and  conferred  by  pro¬ 
fessional  societies  and  academic  institutions,  and 
also  through  letters  of  commendation  from  various 
research  sponsors  and  consumers.  Approximately 
900  NRL  employees  were  so  recognized  in  1968. 
Members  of  the  Laboratory  staff  who  received  some 
of  the  more  significant  of  these  honors  and  awards 
during  the  past  year  are  listed  below. 

George  Abraham:  El  filed  Chainnatt  of  the  Wtish- 
iii:^’loih  D.C.,  Seclioii  of  the  Institute  of  Electrical 
and  Electronic  Engineers 

Frank  H.  .Attix:  Elected  to  Roard  of  Directors 
Id-year  term),  Health  Physics  Society:  /issociiite 
Editor.  Radiation  Dosimetry,  Lo/,  /,  2d  ed..  Aca¬ 
demic  Press,  1968;  Pro)>ram  Chairman,  2d  Inter¬ 
national  Conference  on  Luminescence  Dosimetry, 
Gadinburf>,  Tenn.,  September  23-26,  1968,  and 
Chairman  of  the  Session  on  Rehitire  Respon.se  of 
TL  Phosphors  to  X-rays,  V-rays,  and  Charged 
Particles:  and  Chairman  of  the  Radiation  Physics 


Dr.  B.  Floyd  Brown  receives  the  13th 
Annual  E.  O.  Huiburt  Award  from  Capt 
James  C.  Matheson,  USN.  Director  of 
NRI,.  for  his  work  in  fundamentals  oi 
stre.is  corrosion  cracking.  The  Huiburt 
Award  is  the  highest  science  award  con- 
134  ferred  by  NRL 


Dr.  Martin  E.  Glicksman.  left,  and  Dr.  Henry  Shenker,  right, 
received  the  1968  awards  for  pure  science  and  for  applied 
science,  respectively,  granted  annually  by  the  NRL  chapter 
of  the  Scientific  Research  Society  of  America.  Dr.  C  ''flford  C. 
Klick,  center,  NRI,  RESA  president  for  1968.  made  the 
presentations. 


Ses.sion,  ISih  Annual  Meeting  of  the  Health 
Physii  s  Society.  Denver.  Colo..  June  '6-20,  1968 
Henry  P.  Birmingham;  Propram  Chairman.  9th 
.Annua!  IE  E  Symposium  <>n  Human  Factors, 
Wa  hiitpton.  D.C..  May  6-7,  1968 
LaVerne  S.  Birks;  Elected  Jirst  President  of  the 
Elec  trot;  Probe  Analysis  Society:  chairman  of  a 
session  at  the  Easli'rn  Analytical  Svmposium,  New 
York.  N.Y,.  November  13-15.  1968 
Emaniiul  L.  Brancato:  .Appointed  to  a  2-year  term 
as  Chairman  of  the  N.AS/NRI'  Board  oj  the  Con¬ 
ference  on  Electrical  Insulation  and  Dielectric 
Phenomena 

B.  Floyd  Brown:  NRI.  E.  O.  Huiburt  Science 
A  ward 

Chester  L.  Buchanan  and  colleagues;  Letters  of 
Commendation  for  contributions  ti)  the  successful 
Scorpion  search  from  the  Chief  of  Naval  Opera- 
li-m,  from  the  Commander.  Submarine  En.ce 
.Atlantic,  and  from  Conpressman  .Alton  i.ennon 
ID..  N.C.i 

Rube  Chernikoff:  heneial  I'hairman.  9ih  .Annual 
'EEE  .Symimsiion  on  Human  Fa'  tors,  tA'n  .hlnpton. 
D.C.,  May  6-7.  I9f>8 

Robert  B.  Fox:  President  of  the  Chemical  Society 
of  Washinpton.  1968:  appointed  meoibtr  of  the 
Editorial  Advisiiry  Roarc  lor  the  ACS  montidy 
publ’cat' m.  '  ''»cri...iolecules 
Herbert  Fri»'dman:  .Appointed  bv  President  lohn- 
s<  n  to  membership  on  the  (L  neral  .Advisors  Com 
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Mr.  Emerick  Toth  receives  the  Superior  Civilian  Service 
Award  from  RAdm  Thomas  B.  Owen,  DSN,  Chief  of  Naval 
Research.  Mr.  Toth  has  long  been  an  expert  in  the  field  of 
radio  communications.  He  received  the  award  upon  his 
retirement  early  in  1968. 


mittee  on  Atomic  Energy;  appointed  Chairman  of 
the  Space  Science  board  of  the  National  Research 
Council;  elected  President  of  the  Planetary  Sci- 
encies  Sedan  of  the  American  (Jeophysical  Union 

Martin  E.  Glicksman:  Pure  Science  Award,  NRL 
Chapter,  ScieiVific  Research  Si  ciety  of  America 

Wayne  C.  Hall;  Certificate  of  Appreciation.  Joint 
Board  on  Science  Education  of  the  Greater 
Washington  Area 

Joseph  J.  Halpin:  Selected  hv  editorial  staff'  of  Ap¬ 
plied  Optics  to  write  a  reuew  of  the  IEEE  Annual 
Conference  on  Nuclear  and  Space  Radiation  Ef¬ 
fects,  held  at  Slissoula,  Mont  .  July  1'-18.  1968 

J.  Heaston  Heald:  Navy  Superior  Civilian  Service 
A  ward 

John  Hill;  Publicity  Chairman.  9th  .Annual  IEEE 
Symposium  on  Human  Factors.  Wus.hinKton.  I).C.. 
May  5-7.  1968 

Alexander  J.  Hiller;  Chairman,  Coastal  Ocean¬ 
ography  Session,  5th  U.S.  Navy  Symposium  on 
Military  Oceanography,  Panama  City.  Ela.. 
May  l-J.  1968 

Isabella  L.  karie;  1968  Achievement  Award, 
Society  of  Women  Engineers 

Jerome  Karie;  Navy  Distinguished  Civiiian  Sersice 
Award;  appointed  to  NRL  Chair  of  Science  for 
the  Structure  of  Matter 

John  M.  Leonard;  Certificate  of  .Appreciation. 
Joint  Board  on  Science  Educatioi,  of  the  Greater 
Washington  Area 


Herbert  S.  Poole;  Certificate  of  Appreciation, 
Joint  Board  on  Science  Education  of  the  Greater 
Washington  Area 

.■>ror  S.  Sndeh:  Third  Prize,  Gravity  Research 
Foundation,  for  paper  entitled  "  The  Effect  of  Mass 
on  Frequency" 

Albert  I.  Schindler:  Elected  to  Board  of  Governors 
(3-year  term).  Scientific  Research  Society  of 
A  merica 

Elaine  G.  Shafrin:  Certificate  of  Appreciation, 
Joint  Board  on  Science  Education  of  the  Greater 
Washington  Area 

Henry  Shenker;  Applied  Science  Award,  NRL 
Chapter,  Scientific  Research  Society  of  America 

Curtis  R.  Singleterry:  Awarded  Doctor  of  Humane 
Letters  by  Aurora  College,  Aurora,  III. 

Merrill  1.  Skolnik:  Elected  Fellow  of  the  Institute 
of  Electrical  and  Electronics  Engineers 

Emerick  Toth:  Navy  Superior  Civilian  Service 
A  ward 

Richard  L.  Tuve;  Letter  of  Commendation  from 
the  Chief  of  Naval  Operations  for  accomplishments 
with  the  twin-agent  firefighting  chemicals.  Light 
Water  and  purple- K  powder 

Richard  F.  Wallis;  Editor,  Localized  Excitation  in 
Solids,  Plenum  Press,  1968 


Dr  Jerome  Kirle,  Chief  Scientist  of  the  Laboni- 
rory  Lw  Structure  of  Matter,  receives  the  Navy's 
Di\t:nfuished  Civilian  Service  Award  from  the 
Hon-.iraNe  Robert  A  Frosch,  ,\ssistani  Secretary 
of  the  Navy  iRAD).  for  his  pioneering  research 
in  the  analysis  of  the  structure  of  matter  by 
electron  t  ray,  and  neutron  diffraction  135 
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Dean  I.  Walter;  Certificate  of  Appreciation,  Joint 
Board  on  Science  Education  of  the  Greater  Wash¬ 
ington  Area 

William  A.  Zisman:  Navy  Captain  Robert  Dexter 
Conrad  Award 


Dr.  WilGafn  A.  Zisman,  Chief  Scientist  of  the  Laboratory 
for  Chemical  Physics  and  formerly  Superintendent  of  the 
Chemistry  Division,  and  Mrs.  Zisman  admire  the  Navy’s 
Captain  Robert  Dexter  Conrad  Award,  presented  by  the 
Honorable  Paul  R.  Ignatius,  Secretary  of  the  Navy.  Dr. 
Zisman  received  the  award  for  his  "...  notable  research  in 
chemistry  during  the  past  twenty-nine  years." 


DISTRIBUTION  OF  INCENTIVE  AWARDS 
DURING  1968 


Navy  Robert  Dexter  Conrad  Award .  1 

Navy  Distinguished  Civilian  Service  Award .  I 

Navy  Superior  Civilian  Service  Award .  3 

NRL  E.  O.  Hulburt  Science  Award .  I 

Award  of  Merit  for  Group  Achievement .  I 

Invention  and  Patent  Disclosures .  132 

Research  Publication  Awards .  48 

Sustained  Superior  Performance .  47 

Outstanding  Performance  Rating .  131 

Quality  Salary  Increase .  85 

Beneficial  Suggestion .  84 

Fifty-Year  Federal  Length  of  Service .  I 

Forty-Year  Federal  Length  of  Service .  2 

Thirty-Year  Federal  Length  of  Service .  43 

Twenty-Five-Year  NRL  Length  of  Service .  64 

Twenty-Year  Federal  Length  of  Service .  128 

136  Ten-Year  NRL  Length  of  Service .  90 


RESEARCH  PUBLICATION  AWARDS 

Awards  for  research  publications  were  established 
at  NRL  in  1968  for  presentation  annually  to  single 
or  multiple  authors  of  technical  articles  and  formal 
NRL  reports  that  are  judged  by  select  committees 
to  be  the  best  produced  in  each  division  of  the  Re¬ 
search  Department  during  a  given  calendar  year. 
The  authors  selected  to  receive  the  first  NRL  annual 
publication  awards  are  listed  here.  (The  20  award- 
winning  papers  are  included  in  the  bibliographies 
of  published  works  which  appear  in  the  section 


“Contributions  to  Science 

Richard  G.  Allas 
Arlo  D.  Anderson 
Frank  H.  Attix 
Paul  P.  Bey 
Lamonl  V.  Blake 
Robert  L.  Bort 
Joseph  K.  Brown 
George  R.  Carruthers 
Thomas  W.  Crookcr 
Charlotte  M.  Davisson 
John  H.  Dunn 
Raymond  C.  Elton 
Vincent  G.  FitzSimmons 
Vincent  J.  Folen 
Charles  T.  Fujii 
John  F.  Giuliani 
Steven  G.  Gorbics 
Hans  R.  Griem 
Fred  Gross 
Dean  D.  Howard 
Thomas  J.  Jesswein 
Charles  R.  Kohler 
James  J.  Krebs 
Eugene  A.  Lange 


and  Technology.”) 

Beitjamin  Lepson 
Patrick  P.  Lloyd 
Henry  J.  Mastenbrook 
Russell  A.  Meussner 
Charles  M.  Murphy,  Jr. 
Werner  G.  Neubauer 
Albert  E.  Nash 
Merval  W.  Oleson 
George  C.  Page,  Jr. 
Loui  Palumbo 
Arthur  G.  Pieper 
Herbert  Rabin 
John  E.  Rogerson 
James  B.  Romans 
Mark  Rubinstein 
Sigmund  Schuldiner 
Clarence  M.  Shepherd 
Curtis  R.  Singieterry 
Richard  B.  Theus 
T.  Myles  Thomas 
Kingsley  G.  Williams 
John  W.  Wright 
Emanuel  Vegh 
Charles  E.  Young 
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Mr.  Ralph  G.  Taylor,  of  the  Space  Sci¬ 
ence  Division,  receives  an  award  from 
Capt  James  C.  Matheson,  USN,  Direc¬ 
tor  of  NRL,  for  disclosing  a  patentable 
invention,  a  40-60A  photometer  having 
an  aluminum-coated  Mylar  window. 


Dr.  Louis  A.  Gebhard  receives  a  50- 
year  length  of-service  pin  from  Capt 
James  C.  Matheson,  USN,  Director  of 
NRL.  Dr.  Gebhard  recently  retired  as 
Superintendent  of  the  Radio  (now  Com¬ 
munications  Sciences)  Division  and  at 
present  is  a  consultant  to  the  Associate 
Director  of  Research  for  Electronics.  He 
is  a  pioneer  in  the  development  of  radio 
and  radar. 


I>.  George  R.  Carruthers,  of  the  E.  O. 
Hulburt  Center  for  Space  Research, 
receives  a  Research  Publication  Award 
from  Dr.  Alan  Berman,  Director  of 
Research  at  NRL.  The  title  of  Dr. 
Carruthers'  paper,  which  appeared  in 
*strophys.  J.  151:269  (1968),  was 
"rar-Ultraviolet  Spectroscopy  and  Pho- 
tomet  y  of  Some  Early-Type  Stars." 


SCHOLARSHIP  AWARDS 

Twenty-eight  employees  received  educational 
“scholarships"  in  1968  under  the  Naval  Research 
Laboratory's  Edison  Memorial  and  Sabbatical  Study 
Programs,  both  of  which  are  designed  to  help  NRL 
maintain  a  highly  competent  corps  of  professional 
personnel  Under  the  Edison  Program,  which  was 
established  at  NRL  in  1961,  selected  employees 
devote  three  days  per  week  to  graduate  study  and 
three  days  per  week  to  their  work  at  NRL.  The 
Laboratory's  Sabbatical  Program,  now  in  its  fifth 
year,  permits  selected  employees  to  pursue  an 
academic  year  of  full-time  research  or  graduate  study 
at  either  foreign  or  domestic  institutions.  NRL  staff 
members  in  either  program  continue  to  receive  their 
regular  salaries,  annual  and  sick  leave  privileges,  and 
the  numerous  fringe  benefits  of  Federal  employment. 
Up  through  the  academic  year  1968-1969,  ninety- 
nine  employees  (61  Edison  and  38  Sabbatical)  have 
been  selected  to  participate  in  these  educational 
programs  at  NRL.  The  roster  of  current  participants 
is  as  follows; 

Robert  V.  Anderson,  Ocean  Sciences:  Sabbatical 
Frank  H.  Attix,  Nuclear  Physics:  Sabbatical 
Wiilard  D.  Bascom,  Chemistry:  Edison 
James  N.  Bradford,  Solid  State:  Sabbatical 
Roderick  A.  Carr.  Ocean  Sciences:  Edison 
Joe  O.  Elliot,  Non.Acoustic  ASW  (R&D) 

Task  Group:  Sabbatical 

Lawrence  W.  Fagg,  Nuclear  Physics:  Sabbatical 
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Andrew  M.  Findlay,  Radar;  Edison 
John  M.  Goodman.  Radar;  Edison 
Sam  Hanish,  Acoustics;  Edison 
Gary  H.  Herling,  Nuclear  Physics;  Sabbatical 
James  M.  Hudnall,  Radar;  Edison 
Edward  C.  Jones,  '  i  u  Physics;  Edison 
Michael  J.  Marrone,  Solid  State;  Edison 
Robert  M.  Mason,  Mathematics  and  Information 
Sciences;  Sabbatical 
Caldwell  McCoy,  Jr.,  Acoustics;  Edison 
Daniel  R.  Mulville,  Ocean  Technology;  Edison 
David  J.  Nagel,  Nuclear  Physics;  Edison 
Manuel  R.  Pablo,  Electronics;  Edison 
Edward  D.  Palik,  Solid  State;  Sabbatical 
Richard  I.  Perlut,  Engineering  Semces;  Edison 
Chester  F.  Poranski,  Chemistry;  Edison 
Robert  J.  Sanford,  Ocean  Technology;  Edison 
Glenn  D.  Sandlin,  Space  Science;  Edison 
Thomas  J.  Schriempf,  Metallurgy;  Sabbatical 
David  A.  Swick,  Acoustics;  Edison 
Joseph  F.  Weller,  Solid  State;  Edison 
Conrad  M.  Williams,  Metallurgy;  Edison 


RESEARCH  ASSOCIATESHIP  AWARDS 
Hulburt  Center  Research  Associates 


A  program  of  educational  and  research  stimulation 
canied  out  by  the  Space  Science  Division  is  known 
as  the  Hulburt  Center  Program  (after  E.  O.  Hulbun, 
NRL’s  first  Director  of  Research  and  a  pioneer  in 
space  science).  It  is  sponsored  jointly  by  the  National 
Science  Foundation,  the  Office  of  Naval  Research, 
and  the  National  Aeronautics  and  Space  Administra¬ 
tion.  Under  the  Hulburt  Center  plan.  National  Science 
Foundation  appointments  are  established  at  NRL  so 
that  university  people -advanced  graduate  students, 
postgraduates,  and  faculty  members -may  participate 
in  an  augmented  program  of  space  rcseaich. 

Normally,  the  tenure  of  a  Hulburt  Center  appoint¬ 
ment  is  one  year,  but  assignments  for  periods  of  two 
or  three  years  are  i.ot  uncommon.  Applications  are 
reviewed  by  the  staff  of  the  Hulburt  Center  and  the 
Astronomy  Section  of  the  National  Science  Founda¬ 
tion.  During  1968,  there  were  eight  Hulburt  Center 
appointees  at  the  Laboratory; 


George  Doschek 
Paul  D.  Feldman 
Richard  Henry 
138  Robert  R.  Meier 


N.  Paul  Patterson 
Dianne  K.  Prinz 
Carl  A.  Rouse 
Dror  S.  Sadeh 


Postdoctoral  Research  Associates 

The  Naval  Research  Laboratory,  in  cooperation 
with  the  National  Research  Council  of  the  National 
Academy  of  Sciences  and  the  National  Academy  of 
Engineering,  supports  a  postdoctoral  research  asso- 
ciateship  program  whereby  recent  recipients  of  the 
doctoiat^  degree  are  offered  the  opportunity  to  work 
at  the  Laboratory  for  one  year  (occasionally  for  two 
years).  During  that  time  an  appointee  engages  in 
advanced  training  and  basic  research  under  the 
guidance  of  one  of  NRL's  senior  scientists. 

Awards  are  made  annually  in  any  field  included  in 
the  Laboratory’s  research  program.  They  are  based 
on  the  recommendations  of  a  panel  of  nationally 
known  scientists  appointed  by  the  National  Academy 
of  Sciences, 

During  1968  there  were  31  postdoctoral  associates 
active  at  NRL.  Their  names  are  listed  below,  together 
with  the  area  of  research  in  which  they  were  engaged. 


Robert  E.  Baier,  Biochemistry 

C.  Edward  Bailey,  Solid  State  Physics 

Samuel  1.  Baker,  Nuclear  Physics 

Stephen  G.  Bishop,  Solid  State  Physics 

James  S.  Byrnes,  Mathematics 

James  Comas,  Solid  State  Physics 

Larry  R.  Cooper,  Nuclear  Physics 

Alexander  C.  Ehrlich,  Physics 

David  R.  Flinn,  Chemistry 

Richard  D.  Gilardi,  Physical  Chemistry 

Manuel  Gomez  Rcdriguez,  Solid  State  Physics 

William  H.  Green,  Chemistry 

David  L.  Griscom,  Solid  State  Physics 

Robert  J.  Hansen,  Solid  State  Physics 

Uwe  J.  Hansen,  Solid  State  Physics 

Richard  K.  Jeck,  Jr.,  Physics 

John  C.  Kershenstein,  Physics 

Robert  L.  Kinzer,  Physics 

John  H.  Konnert,  Physical  Chemistry 

Leslie  S.  Levine,  Physics 

Richard  V.  Mancuso,  Nuclear  Physics 

Michael  H.  Reilly,  Solid  State  Physics 

Murray  Rosen,  Chemistry 

Gerald  H.  Share,  Physics 

Charles  W.  Sink,  Chemistry 

Earl  F.  Skelton,  Solid  State  Physics 

Edward  H.  Takken,  Physics 

Karel  Vander  Lugt,  Physics 

Joseph  L.  Verble,  Solid  State  Physics 

Robert  J.  Wagner,  Solid  State  Physics 

Alan  W.  Webb,  Chemistry 


